






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































		 PCA	1	 PCA	2	 PCA	3	
LD	light	duration	 -0.531	 -0.469	 -0.421	
LD	light	transitions	 -0.683	 0.440	 -0.373	
LD	dark	latency	 0.064	 -0.236	 -0.426	
SR	light	duration	 -0.632	 -0.625	 -0.300	
SR	light	latency	 0.703	 0.349	 0.276	
SR	light	transitions	 -0.804	 0.401	 -0.337	
PM	latency	 0.086	 -0.127	 0.013	
PM	clear	duration	 -0.078	 -0.129	 -0.086	
PM	number	clear	entries	 -0.738	 0.555	 -0.229	
OF	centre	duration	 -0.297	 -0.468	 0.261	
OF	number	centre	entries	 -0.703	 0.285	 0.245	
OF	explore	duration	 -0.616	 -0.193	 0.268	
NO	latency	to	approach	 0.725	 0.204	 -0.270	
NO	interactions	 -0.513	 0.014	 0.395	
NO	duration	centre	 -0.176	 -0.008	 0.609	






		 PCA	1	 PCA	2	 PCA	3	





















































































































































































































































































































































































































































































































































































































































































p=0.070	 16.38	±	5.70	 29.58	±	9.47	 2.99	±	0.70	 19.15	±	8.47	
OF	centre	duration	
	F3,63=2.00	
p=0.124	 27.57	±	3.84	 21.60	±	4.16	 37.28	±	6.47	 39.47	±	7.91	
OF	centre	number	
	F3,63=1.59	
p=0.201	 16.60	±	1.83	 14.45	±	1.97	 21.28	±	4.87	 9.62	±	2.00	
NO	interactions	
	F3,63=1.80	




p=0.071	 17.97	±	6.55	 4.83	±	1.85	 30.33	±	12.21	 36.27	±	17.49	
NO	centre	number	
	F3,63=2.34	
p=0.082	 8.40	±	1.86	 2.65	±	1.00	 8.61	±	2.70	 4.77	±	1.17	
PM	latency	
	F3,62=1.27	















	Tests	 	Statistics	 Female	 Male	
LD	light	duration	 F1,63=0.97	p=0.328	 143.23	±	10.58	 153.17	±	12.70	
LD	light	transitions	 F1,63=0.83	p=0.365	 11.79	±	1.38	 9.42	±	1.01	
LD	dark	latency	 F1,63=0.26	p=0.610	 14.93	±	4.42	 19.83	±	5.89	
SR	light	duration	 F1,63=1.71	p=0.196	 123.23	±	16.84	 153.03	±	19.82	
SR	light	latency	 F1,63=0.31	p=0.581	 136.99	±19.32	 134.92	±	19.34	
SR	light	transitions	 F1,63=0.68	p=0.413	 8.53	±	2.35	 5.73	±	1.14	
OF	centre	duration	 F1,63=0.53	p=0.471	 28.80	±	3.84	 32.52	±	4.06	
OF	centre	number	 F1,63=0.28	p=0.598	 16.92	±	2.53	 14.73	±	1.57	
OF	explore	duration	 F1,63=0.11	p=0.738	 432.41	±	25.48	 438.99	±	22.27	
NO	latency	 F1,63=0.94	p=0.337	 258.72	±	33.97	 314.57	±	36.82	
NO	interactions	 F1,63=0.07	p=0.787	 26.50	±	7.40	 20.18	±	7.84	
NO	centre	duration	 F1,63=059	p=0.443	 18.75	±	4.35	 23.06	±	9.44	
NO	centre	number	 F1,63=2.90	p=0.093	 7.92	±	1.57	 4.15	±	0.93	
NO	explore	duration	 F1,63=1.81	p=0.183	 288.68	±	33.76	 209.08	±	33.41	






	Tests	 	Statistics	 Female	 Male	
PM	clear	duration	 F1,63=0.38	p=0.542	 242.20	±	26.16	 239.87	±	28.14	





































p=767	 15.80	±	3.12	 12.30	±	2.82	 8.80	±	1.54	 6.30	±	0.99	 13.92	±	2.78	 12.17	±	0.48	 5.83	±	1.30	 7.43	±	0.65	
LD	dark	latency	
F3,63=0.87	























p=0.943	 15.50	±		5.62	 10.60	±	2.62	 3.30	±	1.18	 2.30	±	1.15	 9.92	±	5.37	 8.17	±	1.89	 2.83	±	1.14	 1.57	±	0.57	
OF	centre	duration	
F3,63=1.10	
p=0.356	 25.19	±	5.52	 29.96	±	5.53	 13.30	±	1.52	 29.89	±	7.45	 40.98	±	8.30	 29.88	±	10.37	 36.29	±	11.54	 42.20	±	11.59	
OF	centre	number	
F3,63=1.07	

































p=0.997	 30.30	±	7.02	 28.90	±	16.66	 15.70	±	7.99	 9.90	±	5.13	 40.75	±	21.52	 40.67	±	32.30	 9.67	±	2.63	 4.86	±	2.48	
NO	centre	duration	
F3,63=1.47	
p=0.231	 27.87	±	12.42	 8.07	±	2.32	 3.43	±	2.30	 6.24	±	2.96	 18.09	±	5.56	 54.81	±	34.72	 30.42	±	11.83	 41.27	±	32.05	
NO	centre	number	
F3,63=0.73	










































































































	 	 0.23	 -0.23	 0.62	 -0.26	 0.27	 0.37	 0.62	 0.37	 -0.30	 0.16	 0.10	 0.33	 0.20	 0.36	 -0.73	 0.21	




























































LD	L	number	 0.52	 	 0.05	 0.05	 -0.50	 0.79	 -0.03	 0.14	 0.14	 -0.16	 0.24	 0.02	 0.43	 0.22	 -0.32	 -0.24	 0.74	
		 p=.019	 	 p=.843	 p=.846	 p=.025	 p=.000	 p=.896	 p=.555	 p=.565	 p=.509	 p=.318	 p=.948	 p=.059	 p=.350	 p=.163	 p=.304	 p=.000	
LD	D	latency	 0.60	 0.02	 	 0.13	 -0.20	 0.22	 -0.39	 -0.29	 0.21	 -0.03	 0.10	 -0.21	 0.06	 0.31	 -0.16	 0.39	 0.12	
		 p=.005	 p=.928	 	 p=.591	 p=.390	 p=.357	 p=.088	 p=.215	 p=.371	 p=.895	 p=.664	 p=.372	 p=.808	 p=.179	 p=.512	 p=.092	 p=.615	
SR	L	duration	 0.72	 0.21	 0.30	 	 -0.44	 0.06	 0.46	 0.44	 0.71	 -0.36	 0.24	 -0.39	 0.33	 0.50	 0.23	 -0.34	 -0.04	
		 p=.000	 p=.371	 p=.193	 	 p=.052	 p=.817	 p=.041	 p=.053	 p=.000	 p=.118	 p=.310	 p=.087	 p=.156	 p=.025	 p=.340	 p=.141	 p=.853	
SR	L	latency	 -0.44	 -0.40	 0.03	 -0.75	 	 -0.48	 -0.36	 -0.32	 -0.58	 0.22	 -0.23	 0.37	 -0.41	 -0.42	 0.54	 0.13	 -0.29	
		 p=.051	 p=.080	 p=.887	 p=.000	 	 p=.032	 p=.122	 p=.176	 p=.007	 p=.343	 p=.334	 p=.107	 p=.070	 p=.064	 p=.013	 p=.586	 p=.213	
SR	L	number	 0.55	 0.44	 0.04	 0.75	 -0.93	 	 -0.04	 0.43	 0.35	 -0.37	 0.35	 -0.16	 0.60	 0.38	 -0.19	 -0.14	 0.91	
		 p=.012	 p=.053	 p=.867	 p=.000	 p=.000	 	 p=.878	 p=.060	 p=.134	 p=.104	 p=.131	 p=.495	 p=.005	 p=.099	 p=.426	 p=.558	 p=.000	
OF	centre	duration	 0.12	 -0.15	 -0.27	 0.49	 -0.41	 0.41	 	 0.46	 0.27	 -0.05	 -0.18	 -0.16	 -0.07	 -0.07	 -0.10	 -0.18	 -0.21	
		 p=.607	 p=.536	 p=.246	 p=.029	 p=.075	 p=.071	 	 p=.041	 p=.243	 p=.831	 p=.457	 p=.491	 p=.755	 p=.772	 p=.682	 p=.447	 p=.367	
OF	centre	number	 -0.33	 -0.04	 -0.39	 0.14	 -0.40	 0.23	 0.52	 1.00	 0.59	 -0.41	 0.18	 -0.18	 0.43	 0.33	 0.19	 -0.39	 0.43	
		 p=.159	 p=.882	 p=.087	 p=.557	 p=.079	 p=.325	 p=.019	 p=	---	 p=.006	 p=.071	 p=.446	 p=.440	 p=.060	 p=.153	 p=.413	 p=.086	 p=.058	
OF	explore	duration	 0.02	 -0.08	 -0.22	 0.21	 -0.26	 0.18	 0.37	 0.52	 1.00	 -0.46	 0.23	 -0.67	 0.45	 0.64	 0.12	 -0.33	 0.19	
		 p=.928	 p=.740	 p=.360	 p=.365	 p=.270	 p=.455	 p=.113	 p=.018	 p=	---	 p=.043	 p=.327	 p=.001	 p=.046	 p=.003	 p=.614	 p=.159	 p=.417	
NO	latency	 -0.30	 -0.18	 -0.16	 -0.46	 0.31	 -0.34	 -0.22	 -0.08	 -0.17	 1.00	 -0.56	 0.14	 -0.70	 -0.83	 -0.15	 0.24	 -0.32	
		 p=.198	 p=.449	 p=.505	 p=.042	 p=.184	 p=.148	 p=.346	 p=.728	 p=.472	 p=	---	 p=.010	 p=.549	 p=.001	 p=.000	 p=.536	 p=.308	 p=.165	
NO	interactions	 0.18	 0.49	 -0.16	 0.39	 -0.57	 0.48	 0.10	 0.32	 0.30	 -0.63	 1.00	 -0.11	 0.69	 0.57	 0.08	 -0.18	 0.42	
		 p=.454	 p=.028	 p=.489	 p=.092	 p=.009	 p=.031	 p=.666	 p=.171	 p=.206	 p=.003	 p=	---	 p=.646	 p=.001	 p=.009	 p=.747	 p=.459	 p=.066	
NO	centre	duration	 0.32	 0.05	 0.28	 0.32	 0.04	 -0.10	 0.09	 -0.15	 0.17	 -0.54	 0.30	 1.00	 -0.05	 -0.17	 -0.05	 -0.07	 0.03	
		 p=.167	 p=.825	 p=.235	 p=.169	 p=.877	 p=.676	 p=.709	 p=.524	 p=.471	 p=.015	 p=.199	 p=	---	 p=.823	 p=.462	 p=.847	 p=.767	 p=.884	
NO	centre	number	 0.18	 0.23	 -0.03	 0.33	 -0.33	 0.19	 0.23	 0.17	 0.29	 -0.59	 0.72	 0.75	 1.00	 0.79	 -0.04	 -0.23	 0.64	
		 p=.451	 p=.321	 p=.914	 p=.149	 p=.157	 p=.419	 p=.335	 p=.476	 p=.219	 p=.006	 p=.000	 p=.000	 p=	---	 p=.000	 p=.882	 p=.327	 p=.002	
NO	explore	duration		 0.32	 0.38	 -0.05	 0.52	 -0.63	 0.54	 0.25	 0.23	 0.34	 -0.70	 0.88	 0.54	 0.89	 1.00	 0.03	 -0.16	 0.37	
		 p=.173	 p=.097	 p=.843	 p=.018	 p=.003	 p=.013	 p=.293	 p=.320	 p=.147	 p=.001	 p=.000	 p=.014	 p=.000	 p=	---	 p=.902	 p=.507	 p=.110	
PM	latency	 0.10	 -0.08	 -0.18	 0.12	 -0.19	 0.15	 -0.07	 -0.16	 0.22	 0.09	 -0.16	 0.05	 -0.13	 0.00	 1.00	 -0.50	 -0.14	
		 p=.671	 p=.737	 p=.438	 p=.626	 p=.424	 p=.528	 p=.767	 p=.498	 p=.361	 p=.693	 p=.496	 p=.829	 p=.598	 p=.986	 p=	---	 p=.026	 p=.552	
PM	Clear	duration	 0.32	 0.12	 0.21	 0.34	 -0.06	 0.11	 0.08	 -0.18	 0.04	 -0.04	 0.18	 0.18	 0.12	 0.09	 -0.30	 1.00	 -0.06	
		 p=.172	 p=.609	 p=.374	 p=.143	 p=.816	 p=.632	 p=.745	 p=.458	 p=.869	 p=.865	 p=.438	 p=.443	 p=.600	 p=.719	 p=.201	 p=	---	 p=.788	
PM	Clear	number	 0.36	 0.47	 -0.01	 0.36	 -0.42	 0.54	 0.43	 0.11	 -0.08	 -0.34	 0.44	 0.17	 0.42	 0.50	 -0.31	 0.27	 1.00	
















































































1.0000	 0.04	 -0.29	 0.59	 -0.36	 0.08	 0.41	 0.22	 0.22	 -0.23	 -0.07	 0.12	 0.23	 0.08	 0.06	 0.59	 0.04	
		 p=	---	 p=.865	 p=.238	 p=.010	 p=.144	 p=.750	 p=.087	 p=.389	 p=.378	 p=.353	 p=.769	 p=.623	 p=.369	 p=.761	 p=.825	 p=.010	 p=.859	
LD	L	number	 0.30	 1.00	 0.27	 0.06	 -0.09	 0.88	 -0.09	 0.80	 0.22	 -0.18	 -0.02	 -0.02	 0.68	 0.18	 -0.11	 0.04	 0.88	
		 p=.317	 p=	---	 p=.276	 p=.816	 p=.728	 p=.000	 p=.734	 p=.000	 p=.383	 p=.482	 p=.948	 p=.922	 p=.002	 p=.472	 p=.661	 p=.886	 p=.000	
LD	D	latency	 0.65	 -0.06	 1.00	 -0.27	 0.35	 0.25	 -0.12	 0.36	 0.16	 -0.02	 0.59	 -0.16	 0.15	 0.16	 -0.34	 -0.07	 0.33	
		 p=.015	 p=.856	 p=	---	 p=.287	 p=.151	 p=.314	 p=.622	 p=.143	 p=.517	 p=.931	 p=.010	 p=.530	 p=.557	 p=.535	 p=.174	 p=.780	 p=.175	
SR	L	duration	 0.66	 0.27	 0.54	 1.00	 -0.77	 0.27	 0.50	 0.27	 0.43	 -0.69	 0.05	 0.23	 0.33	 0.43	 0.14	 0.60	 0.13	
		 p=.015	 p=.365	 p=.059	 p=	---	 p=.000	 p=.276	 p=.035	 p=.276	 p=.076	 p=.002	 p=.832	 p=.359	 p=.178	 p=.078	 p=.578	 p=.009	 p=.621	
SR	L	latency	 -0.55	 -0.32	 -0.40	 -0.91	 1.00	 -0.40	 -0.47	 -0.32	 -0.38	 0.71	 -0.10	 -0.31	 -0.43	 -0.58	 -0.35	 -0.58	 -0.31	
		 p=.053	 p=.281	 p=.174	 p=.000	 p=	---	 p=.098	 p=.049	 p=.197	 p=.122	 p=.001	 p=.701	 p=.210	 p=.077	 p=.012	 p=.155	 p=.011	 p=.212	
SR	L	number	 0.20	 0.42	 0.05	 0.77	 -0.76	 1.00	 -0.02	 0.83	 0.22	 -0.40	 0.11	 0.02	 0.77	 0.37	 -0.09	 0.23	 0.96	
		 p=.523	 p=.159	 p=.865	 p=.002	 p=.003	 p=	---	 p=.924	 p=.000	 p=.378	 p=.103	 p=.663	 p=.944	 p=.000	 p=.126	 p=.719	 p=.354	 p=.000	
OF	centre	duration	 0.29	 -0.08	 0.60	 0.21	 -0.16	 0.05	 1.00	 0.29	 0.65	 -0.47	 0.07	 0.24	 0.16	 0.39	 -0.03	 0.59	 0.02	
		 p=.333	 p=.803	 p=.029	 p=.494	 p=.593	 p=.872	 p=	---	 p=.248	 p=.003	 p=.051	 p=.772	 p=.345	 p=.537	 p=.106	 p=.908	 p=.010	 p=.939	
OF	centre	number	 -0.35	 -0.14	 -0.08	 -0.33	 0.32	 -0.01	 0.49	 1.00	 0.60	 -0.52	 0.26	 0.15	 0.88	 0.59	 -0.32	 0.37	 0.89	
		 p=.248	 p=.659	 p=.794	 p=.272	 p=.279	 p=.983	 p=.087	 p=	---	 p=.009	 p=.026	 p=.296	 p=.561	 p=.000	 p=.011	 p=.202	 p=.129	 p=.000	
OF	explore	duration	 -0.16	 -0.09	 -0.15	 -0.49	 0.52	 -0.28	 0.34	 0.73	 1.00	 -0.48	 0.26	 0.22	 0.48	 0.59	 -0.07	 0.47	 0.30	
		 p=.611	 p=.782	 p=.616	 p=.088	 p=.069	 p=.353	 p=.261	 p=.005	 p=	---	 p=.044	 p=.292	 p=.374	 p=.042	 p=.010	 p=.788	 p=.052	 p=.231	
NO	latency	 0.17	 0.24	 0.30	 0.10	 -0.22	 -0.03	 0.08	 -0.53	 -0.31	 1.00	 -0.37	 -0.40	 -0.64	 -0.89	 0.04	 -0.51	 -0.39	
		 p=.575	 p=.421	 p=.321	 p=.752	 p=.467	 p=.926	 p=.792	 p=.063	 p=.301	 p=	---	 p=.135	 p=.099	 p=.004	 p=.000	 p=.866	 p=.030	 p=.111	
NO	interactions	 -0.09	 -0.15	 -0.33	 -0.02	 0.08	 0.10	 0.02	 0.45	 0.46	 -0.75	 1.00	 0.57	 0.19	 0.52	 -0.43	 0.04	 0.13	
		 p=.766	 p=.635	 p=.264	 p=.937	 p=.791	 p=.757	 p=.942	 p=.122	 p=.114	 p=.003	 p=	---	 p=.013	 p=.458	 p=.027	 p=.076	 p=.873	 p=.597	
NO	centre	duration	 -0.19	 -0.17	 -0.17	 -0.42	 0.47	 -0.25	 -0.01	 0.65	 0.57	 -0.66	 0.24	 1.00	 0.21	 0.50	 -0.31	 0.15	 -0.01	
		 p=.530	 p=.580	 p=.569	 p=.154	 p=.109	 p=.404	 p=.984	 p=.017	 p=.041	 p=.015	 p=.435	 p=	---	 p=.396	 p=.036	 p=.207	 p=.547	 p=.980	
NO	centre	number	 -0.33	 -0.20	 -0.26	 -0.36	 0.32	 -0.10	 0.10	 0.82	 0.48	 -0.75	 0.59	 0.71	 1.00	 0.70	 -0.20	 0.39	 0.81	
		 p=.264	 p=.508	 p=.394	 p=.222	 p=.286	 p=.736	 p=.747	 p=.001	 p=.096	 p=.003	 p=.036	 p=.006	 p=	---	 p=.001	 p=.420	 p=.111	 p=.000	
NO	explore	duration		 0.01	 -0.48	 0.31	 0.01	 0.00	 -0.04	 0.54	 0.63	 0.40	 -0.41	 0.50	 0.20	 0.59	 1.00	 -0.10	 0.45	 0.45	
		 p=.984	 p=.099	 p=.296	 p=.984	 p=.997	 p=.899	 p=.058	 p=.020	 p=.173	 p=.162	 p=.079	 p=.520	 p=.035	 p=	---	 p=.706	 p=.064	 p=.058	
PM	latency	 0.40	 0.18	 0.24	 0.45	 -0.36	 0.29	 0.12	 0.07	 0.22	 -0.39	 0.48	 0.09	 0.02	 0.31	 1.00	 0.20	 -0.10	
		 p=.174	 p=.551	 p=.436	 p=.122	 p=.225	 p=.333	 p=.703	 p=.819	 p=.480	 p=.190	 p=.100	 p=.777	 p=.961	 p=.297	 p=	---	 p=.431	 p=.682	
PM	Clear	duration	 -0.28	 -0.47	 -0.47	 -0.17	 0.24	 -0.05	 -0.33	 -0.24	 -0.09	 -0.06	 0.14	 -0.21	 -0.18	 -0.11	 -0.27	 1.00	 -0.47	
		 p=.348	 p=.102	 p=.104	 p=.579	 p=.430	 p=.883	 p=.275	 p=.423	 p=.778	 p=.854	 p=.638	 p=.494	 p=.553	 p=.729	 p=.380	 p=	---	 p=.109	
PM	Clear	number	 -0.17	 0.77	 -0.27	 -0.12	 -0.02	 0.14	 -0.32	 -0.11	 0.04	 0.33	 -0.17	 -0.14	 -0.17	 -0.46	 0.07	 -0.47	 1.00	






































































































































































































































































































































































































































































































































































































































































































































































































Fostered	 96.76	 57.05	 172.57	
Non-fostered	 105.42	 17.30	 139.71	
RB	 99.37	 57.31	 144.12	
RP	 99.22	 36.73	 159.14	
Female	 91.21	 36.71	 155.24	
Male	 110.31	 57.05	 144.12	
Fostered	RB	 96.49	 60.54	 169.87	
Fostered	RP	 99.22	 49.85	 174.35	
Non-fostered	RB	 105.42	 36.82	 142.04	
Non-fostered	RP	 101.02	 0.00	 138.95	
Fostered	Female	 93.20	 41.42	 167.34	
Fostered	Male	 101.97	 60.99	 175.72	
Non-fostered	Female	 80.68	 28.33	 145.99	

































Fostered	 228.66	 173.01	 282.72	
Non-fostered	 262.57	 191.48	 407.81	
RB	 237.14	 30.50	 308.32	
RP	 235.81	 194.10	 338.99	
Female	 228.99	 181.93	 337.87	
Male	 240.87	 189.67	 307.87	
Fostered	RB	 208.00	 163.22	 280.29	
Fostered	RP	 236.75	 199.62	 292.59	
Non-fostered	RB	 268.33	 185.20	 354.64	
Non-fostered	RP	 233.64	 194.75	 452.51	
Fostered	Female	 228.99	 181.73	 357.62	
Fostered	Male	 222.73	 171.10	 252.20	
Non-fostered	Female	 218.06	 183.55	 302.21	
Non-fostered	Male	 268.33	 208.03	 462.70	
RB	Female	 237.14	 184.78	 531.48	
RB	Male	 231.80	 170.75	 170.75	
RP	Female	 200.93	 178.12	 318.08	
































Fostered	 13.00	 9.00	 21.50	
Non-fostered	 13.00	 4.25	 21.75	
RB	 11.00	 6.75	 19.25	
RP	 17.00	 7.50	 28.00	
Fostered	RB	 12.5.0	 8.50	 20.25	
Fostered	RP	 17.00	 10.00	 26.00	
Non-fostered	RB	 10.50	 5.00	 16.00	
Non-fostered	RP	 18.00	 0.75	 31.25	
Fostered	Female	 15.50	 8.75	 25.00	
Fostered	Male	 12.00	 11.00	 20.50	
Non-fostered	Female	 14.50	 5.75	 22.00	
Non-fostered	Male	 11.00	 4.00	 21.75	
RB	Female	 13.00	 3.25	 19.75	
RB	Male	 11.00	 7.00	 13.00	
RP	Female	 20.00	 8.25	 29.50	
































Fostered	 22.00	 11.00	 32.50	
Non-fostered	 15.50	 1.75	 31.00	
RB	 15.00	 6.00	 27.00	
RP	 22.00	 8.50	 34.50	
Fostered	RB	 16.00	 10.75	 34.75	
Fostered	RP	 22.00	 17.00	 32.00	
Non-fostered	RB	 13.50	 2.50	 27.00	
Non-fostered	RP	 19.00	 1.75	 36.75	
Fostered	Female	 22.00	 14.50	 33.50	
Fostered	Male	 18.00	 11.00	 28.50	
Non-fostered	Female	 24.00	 3.50	 36.75	

































Fostered	 36.16	 23.15	 43.24	
Non-fostered	 29.54	 15.86	 51.81	
RB	 36.19	 17.82	 47.50	
RP	 32.94	 16.29	 42.94	
Female	 33.14	 15.31	 45.01	
Male	 34.40	 19.13	 43.12	
Fostered	RB	 39.23	 30.92	 47.50	
Fostered	RP	 31.95	 16.03	 39.84	
Non-fostered	RB	 19.89	 14.61	 44.82	
Non-fostered	RP	 34.08	 17.55	 51.81	
Fostered	Female	 35.74	 15.05	 43.33	
Fostered	Male	 36.22	 31.58	 43.12	
Non-fostered	Female	 30.63	 16.88	 60.98	
Non-fostered	Male	 25.69	 15.71	 42.83	
RB	Female	 37.85	 15.37	 57.37	
RB	Male	 31.01	 18.32	 41.14	
RP	Female	 26.59	 15.60	 35.02	




























Fostered	RB	 36.00	 17.75	 52.75	
Fostered	RP	 18.00	 10.00	 28.00	
Non-fostered	RB	 20.50	 13.50	 36.50	
Non-fostered	RP	 20.00	 9.75	 32.00	
RB	Female	 28.50	 14.75	 41.50	
RB	Male	 23.50	 14.00	 51.00	
RP	Female	 13.00	 9.25	 27.75	

































Fostered	 36.16	 9.63	 64.73	
Non-fostered	 29.54	 0.00	 56.07	
RB	 36.19	 6.75	 71.22	
RP	 32.94	 0.00	 48.09	
Female	 33.14	 9.70	 71.22	
Male	 34.40	 0.00	 56.45	
Fostered	RB	 39.23	 12.00	 65.89	
Fostered	RP	 31.95	 8.12	 56.85	
Non-fostered	RB	 19.89	 9.14	 78.68	
Non-fostered	RP	 34.08	 0.00	 45.14	
Fostered	Female	 35.74	 8.72	 67.56	
Fostered	Male	 36.22	 11.99	 62.60	
Non-fostered	Female	 30.63	 13.67	 85.65	
Non-fostered	Male	 25.69	 0.00	 41.21	
RB	Female	 37.85	 21.93	 115.05	
RB	Male	 31.01	 2.36	 2.36	
RP	Female	 26.59	 4.25	 48.37	





























Female	 11.00	 2.00	 33.75	
Male	 7.00	 0.00	 25.00	
Fostered	RB	 16.00	 2.00	 47.50	
Fostered	RP	 5.00	 1.50	 11.00	
Non-fostered	RB	 11.00	 1.50	 41.50	
Non-fostered	RP	 9.00	 0.00	 27.75	
Fostered	Female	 10.50	 1.75	 19.25	
Fostered	Male	 8.00	 2.50	 22.00	
Non-fostered	Female	 15.50	 2.00	 39.75	































































































































































































































































































































































R.	pumilio	 Female	 3	 5	 5	 5	
45	
		 Male	 2	 5	 6	 5	
TDR	R.	bechuanae	 Female	 5	 7	 7	 5	
62	
		 Male	 5	 7	 7	 5	
Sandveld	R.		 Female	 2	 3	 2	 2	
34	
	bechuanae	 Male	 4	 3	 6	 4	
Sandveld	R.	d.		 Female	 9	 9	 11	 9	
96	









































































































































































































































































































































































































































































































































































































































Pumilio	Cover	F1	Female	 23.80	 4.32	 195.80	
Pumilio	Cover	F1	Male	 17.86	 6.25	 50.11	
Pumilio	Cover	F2	Female	 11.52	 8.96	 12.44	
Pumilio	Cover	F2	Male	 7.28	 4.12	 10.44	
Pumilio	No	Cover	F1	Female	 9.52	 5.04	 12.32	
Pumilio	No	Cover	F1	Male	 12.72	 7.05	 30.45	
Pumilio	No	Cover	F2	Female	 16.24	 2.36	 17.76	
Pumilio	No	Cover	F2	Male	 6.48	 5.60	 17.76	
Bechuanae	(TDR)	Cover	F1	Female	 34.20	 27.05	 48.12	
Bechuanae	(TDR)	Cover	F1	Male	 54.30	 38.75	 71.63	
Bechuanae	(TDR)	Cover	F2	Female	 59.30	 34.20	 64.30	






Bechuanae	(TDR)	No	Cover	F1	Female	 14.30	 11.17	 35.07	
Bechuanae	(TDR)	No	Cover	F1	Male	 17.65	 10.50	 35.66	
Bechuanae	(TDR)	No	Cover	F2	Female	 32.10	 23.30	 43.20	
Bechuanae	(TDR)	No	Cover	F2	Male	 31.20	 14.30	 32.10	
Bechuanae	(Sand)	Cover	F1	Female	 55.32	 37.36	 124.60	
Bechuanae	(Sand)	Cover	F1	Male	 67.36	 41.70	 79.04	
Bechuanae	(Sand)	Cover	F2	Female	 82.48	 60.60	 104.36	
Bechuanae	(Sand)	Cover	F2	Male	 18.30	 7.80	 29.58	
Bechuanae	(Sand)	No	Cover	F1	Female	 44.80	 37.50	 52.10	
Bechuanae	(Sand)	No	Cover	F1	Male	 30.86	 10.25	 42.86	
Bechuanae	(Sand)	No	Cover	F2	Female	 19.68	 12.80	 26.56	
Bechuanae	(Sand)	No	Cover	F2	Male	 53.64	 40.13	 58.84	
Dilectus	(Sand)	Cover	F1	Female	 34.30	 21.40	 47.40	
Dilectus	(Sand)	Cover	F1	Male	 53.31	 24.53	 66.81	
Dilectus	(Sand)	Cover	F2	Female	 59.76	 73.20	 73.20	
Dilectus	(Sand)	Cover	F2	Male	 54.30	 48.80	 66.40	
Dilectus	(Sand)	No	Cover	F1	Female	 31.20	 11.53	 43.50	
Dilectus	(Sand)	No	Cover	F1	Male	 49.70	 14.91	 91.57	
Dilectus	(Sand)	No	Cover	F2	Female	 14.30	 11.20	 87.30	








































Pumilio	Cover	F1	Female	 6.00	 4.00	 12.00	
Pumilio	Cover	F1	Male	 14.50	 7.50	 22.00	
Pumilio	Cover	F2	Female	 13.00	 10.00	 14.50	
Pumilio	Cover	F2	Male	 2.00	 1.50	 2.50	
Pumilio	No	Cover	F1	Female	 10.00	 7.00	 12.00	
Pumilio	No	Cover	F1	Male	 14.50	 8.00	 19.50	
Pumilio	No	Cover	F2	Female	 10.00	 3.00	 17.00	
Pumilio	No	Cover	F2	Male	 9.00	 6.00	 14.00	
Bechuanae	(TDR)	Cover	F1	Female	 14.00	 5.50	 22.50	
Bechuanae	(TDR)	Cover	F1	Male	 21.00	 17.00	 27.00	













Pumilio	Cover	F1	Female	 6.00	 4.00	 12.00	
Bechuanae	(TDR)	Cover	F2	Male	 23.00	 17.00	 23.00	
Bechuanae	(TDR)	No	Cover	F1	Female	 9.00	 4.00	 19.00	
Bechuanae	(TDR)	No	Cover	F1	Male	 10.50	 5.25	 12.25	
Bechuanae	(TDR)	No	Cover	F2	Female	 9.00	 6.00	 11.00	
Bechuanae	(TDR)	No	Cover	F2	Male	 7.00	 5.00	 8.00	
Bechuanae	(Sand)	Cover	F1	Female	 12.00	 10.50	 35.50	
Bechuanae	(Sand)	Cover	F1	Male	 45.00	 27.50	 47.50	
Bechuanae	(Sand)	Cover	F2	Female	 29.00	 24.50	 33.50	
Bechuanae	(Sand)	Cover	F2	Male	 9.50	 6.25	 13.25	
Bechuanae	(Sand)	No	Cover	F1	Female	 58.00	 41.00	 75.00	
Bechuanae	(Sand)	No	Cover	F1	Male	 15.00	 7.25	 26.50	
Bechuanae	(Sand)	No	Cover	F2	Female	 17.50	 12.25	 22.75	
Bechuanae	(Sand)	No	Cover	F2	Male	 40.00	 28.50	 66.25	
Dilectus	(Sand)	Cover	F1	Female	 15.00	 6.00	 23.00	
Dilectus	(Sand)	Cover	F1	Male	 17.50	 12.00	 32.75	
Dilectus	(Sand)	Cover	F2	Female	 31.00	 38.00	 38.00	
Dilectus	(Sand)	Cover	F2	Male	 31.00	 17.00	 34.00	
Dilectus	(Sand)	No	Cover	F1	Female	 12.00	 3.50	 15.00	
Dilectus	(Sand)	No	Cover	F1	Male	 22.00	 6.00	 36.75	
Dilectus	(Sand)	No	Cover	F2	Female	 7.00	 2.00	 8.00	














































Pumilio	Cover	F1	Female	 157.84	 148.56	 296.24	
Pumilio	Cover	F1	Male	 66.32	 64.96	 70.16	
Pumilio	Cover	F2	Female	 83.12	 44.84	 191.60	
Pumilio	Cover	F2	Male	 28.92	 19.38	 38.46	
Pumilio	No	Cover	F1	Female	 174.40	 40.80	 189.36	
Pumilio	No	Cover	F1	Male	 192.52	 88.12	 203.44	
Pumilio	No	Cover	F2	Female	 169.20	 119.12	 205.20	
Pumilio	No	Cover	F2	Male	 158.16	 151.04	 181.44	
Bechuanae	(TDR)	Cover	F1	Female	 78.20	 56.86	 116.15	
Bechuanae	(TDR)	Cover	F1	Male	 89.20	 74.04	 108.70	
Bechuanae	(TDR)	Cover	F2	Female	 124.30	 89.32	 142.20	
Bechuanae	(TDR)	Cover	F2	Male	 126.20	 109.20	 134.30	
Bechuanae	(TDR)	No	Cover	F1	Female	 132.10	 115.96	 199.47	
Bechuanae	(TDR)	No	Cover	F1	Male	 137.74	 121.45	 155.42	
Bechuanae	(TDR)	No	Cover	F2	Female	 154.30	 123.10	 163.20	
Bechuanae	(TDR)	No	Cover	F2	Male	 154.20	 132.10	 189.20	
Bechuanae	(Sand)	Cover	F1	Female	 134.24	 70.56	 162.88	
Bechuanae	(Sand)	Cover	F1	Male	 110.32	 87.52	 158.96	
Bechuanae	(Sand)	Cover	F2	Female	 94.96	 53.12	 136.80	
Bechuanae	(Sand)	Cover	F2	Male	 132.48	 84.48	 189.64	
Bechuanae	(Sand)	No	Cover	F1	Female	 122.28	 97.22	 147.34	
Bechuanae	(Sand)	No	Cover	F1	Male	 149.88	 129.72	 196.74	
Bechuanae	(Sand)	No	Cover	F2	Female	 190.96	 188.16	 193.76	
Bechuanae	(Sand)	No	Cover	F2	Male	 203.40	 200.28	 228.92	
Dilectus	(Sand)	Cover	F1	Female	 121.90	 101.20	 132.20	
Dilectus	(Sand)	Cover	F1	Male	 134.87	 103.62	 172.23	
Dilectus	(Sand)	Cover	F2	Female	 143.20	 86.24	 175.68	
Dilectus	(Sand)	Cover	F2	Male	 109.20	 71.20	 134.30	
Dilectus	(Sand)	No	Cover	F1	Female	 109.20	 81.93	 122.25	
Dilectus	(Sand)	No	Cover	F1	Male	 150.47	 101.45	 191.91	
Dilectus	(Sand)	No	Cover	F2	Female	 127.36	 113.20	 153.76	







































Pumilio	Cover	F1	Female	 1.00	 1.00	 2.00	
Pumilio	Cover	F1	Male	 4.00	 3.00	 6.00	
Pumilio	Cover	F2	Female	 1.00	 1.00	 6.00	
Pumilio	Cover	F2	Male	 6.00	 3.50	 8.50	
Pumilio	No	Cover	F1	Female	 5.00	 2.00	 5.00	
Pumilio	No	Cover	F1	Male	 5.50	 2.00	 7.50	
Pumilio	No	Cover	F2	Female	 6.00	 1.00	 13.00	
Pumilio	No	Cover	F2	Male	 5.00	 5.00	 6.00	













Bechuanae	(TDR)	Cover	F1	Male	 6.00	 3.00	 9.00	
Bechuanae	(TDR)	Cover	F2	Female	 7.00	 6.00	 9.00	
Bechuanae	(TDR)	Cover	F2	Male	 8.00	 8.00	 9.00	
Bechuanae	(TDR)	No	Cover	F1	Female	 8.00	 4.50	 11.00	
Bechuanae	(TDR)	No	Cover	F1	Male	 4.00	 3.75	 5.50	
Bechuanae	(TDR)	No	Cover	F2	Female	 3.00	 3.00	 7.00	
Bechuanae	(TDR)	No	Cover	F2	Male	 4.00	 4.00	 7.00	
Bechuanae	(Sand)	Cover	F1	Female	 6.00	 4.50	 7.00	
Bechuanae	(Sand)	Cover	F1	Male	 7.00	 6.00	 9.00	
Bechuanae	(Sand)	Cover	F2	Female	 3.00	 2.00	 4.00	
Bechuanae	(Sand)	Cover	F2	Male	 3.00	 2.50	 4.50	
Bechuanae	(Sand)	No	Cover	F1	Female	 8.00	 7.50	 8.50	
Bechuanae	(Sand)	No	Cover	F1	Male	 6.00	 6.00	 6.75	
Bechuanae	(Sand)	No	Cover	F2	Female	 7.50	 7.25	 7.75	
Bechuanae	(Sand)	No	Cover	F2	Male	 4.50	 3.25	 6.50	
Dilectus	(Sand)	Cover	F1	Female	 5.00	 3.00	 6.00	
Dilectus	(Sand)	Cover	F1	Male	 6.50	 6.00	 9.75	
Dilectus	(Sand)	Cover	F2	Female	 9.00	 6.00	 11.00	
Dilectus	(Sand)	Cover	F2	Male	 9.00	 5.00	 11.00	
Dilectus	(Sand)	No	Cover	F1	Female	 6.00	 3.50	 9.50	
Dilectus	(Sand)	No	Cover	F1	Male	 4.00	 2.25	 8.75	
Dilectus	(Sand)	No	Cover	F2	Female	 5.00	 4.00	 7.00	









































Pumilio	Cover	F1	Female	 300.00	 120.00	 300.00	
Pumilio	Cover	F1	Male	 222.00	 75.00	 223.00	
Pumilio	Cover	F2	Female	 234.00	 136.00	 267.00	
Pumilio	Cover	F2	Male	 300.00	 300.00	 300.00	
Pumilio	No	Cover	F1	Female	 23.00	 4.00	 85.00	
Pumilio	No	Cover	F1	Male	 300.00	 94.50	 300.00	
Pumilio	No	Cover	F2	Female	 126.00	 85.00	 161.00	
Pumilio	No	Cover	F2	Male	 157.00	 76.00	 187.00	













Pumilio	Cover	F1	Female	 300.00	 120.00	 300.00	
Pumilio	Cover	F1	Male	 222.00	 75.00	 223.00	
Pumilio	Cover	F2	Female	 234.00	 136.00	 267.00	
Pumilio	Cover	F2	Male	 300.00	 300.00	 300.00	
Pumilio	No	Cover	F1	Female	 23.00	 4.00	 85.00	
Pumilio	No	Cover	F1	Male	 300.00	 94.50	 300.00	
Pumilio	No	Cover	F2	Female	 126.00	 85.00	 161.00	
Pumilio	No	Cover	F2	Male	 157.00	 76.00	 187.00	
Bechuanae	(TDR)	Cover	F1	Male	 89.20	 38.75	 213.05	
Bechuanae	(TDR)	Cover	F2	Female	 101.20	 89.20	 198.20	
Bechuanae	(TDR)	Cover	F2	Male	 190.20	 101.20	 213.20	
Bechuanae	(TDR)	No	Cover	F1	Female	 178.20	 70.70	 259.60	
Bechuanae	(TDR)	No	Cover	F1	Male	 190.10	 33.20	 300.00	
Bechuanae	(TDR)	No	Cover	F2	Female	 65.40	 35.20	 109.20	
Bechuanae	(TDR)	No	Cover	F2	Male	 59.30	 39.20	 231.10	
Bechuanae	(Sand)	Cover	F1	Female	 185.00	 110.50	 242.50	
Bechuanae	(Sand)	Cover	F1	Male	 182.00	 109.50	 241.00	
Bechuanae	(Sand)	Cover	F2	Female	 229.50	 194.25	 264.75	
Bechuanae	(Sand)	Cover	F2	Male	 300.00	 269.00	 300.00	
Bechuanae	(Sand)	No	Cover	F1	Female	 171.00	 106.50	 235.50	
Bechuanae	(Sand)	No	Cover	F1	Male	 282.50	 98.50	 300.00	
Bechuanae	(Sand)	No	Cover	F2	Female	 211.00	 207.50	 214.50	
Bechuanae	(Sand)	No	Cover	F2	Male	 223.00	 111.50	 300.00	
Dilectus	(Sand)	Cover	F1	Female	 143.00	 123.90	 161.00	
Dilectus	(Sand)	Cover	F1	Male	 169.10	 67.35	 300.00	
Dilectus	(Sand)	Cover	F2	Female	 43.20	 34.20	 96.00	
Dilectus	(Sand)	Cover	F2	Male	 60.00	 17.00	 98.20	
Dilectus	(Sand)	No	Cover	F1	Female	 104.00	 89.70	 163.50	
Dilectus	(Sand)	No	Cover	F1	Male	 265.55	 98.95	 300.00	
Dilectus	(Sand)	No	Cover	F2	Female	 243.00	 190.20	 300.00	
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Distance	
Test	was	a	significant	predictor	of	distance	travelled	(F1,23=15.274,	p=0.001),	
with	individuals	travelling	further	during	probe	test	1	than	probe	test	2	(Figure	5.8).	
Population,	sex,	population*sex,	test*population,	test*sex	and	test*population*sex	
were	not	significant	predictors	of	distance	travelled	(Supplementary	Material	8).		
Latency	
None	of	the	predictors	(population,	sex,	test,	or	any	of	the	interaction	terms)	
significantly	predicted	latency	(Supplementary	Material	9).	
	
	
Figure	5.7.	Mean	(±SE)	errors	made	during	probe	test	1	and	probe	test	2,	two	90	second	tests	that	are	
run	24	and	48	hours	after	the	last	training	session.	Population	(top	left),	test	(top	right)	and	
population*test	(bottom)	were	significant	predictors	of	errors	made.	Fisher’s	post	hoc	tests	showed	
differences	between	groups,	indicated	by	different	letters.	
	
n=16	
n=16	
n=16	
n=14	
n=31	
n=31	
n=8,8	
n=8,8	
n=8,8	
n=7,7	
		
CHAPTER	5	
	
	 	
149	
Discussion	
The	aim	of	this	study	was	to	establish	the	spatial	cognitive	ability	of	4	
Rhabdomys	populations	(with	two	populations	occurring	in	sympatry),	representing	
three	taxa	that	are	distributed	across	the	southern	African	rainfall	gradient.	These	
comparisons	of	closely	related	species	can	potentially	provide	information	on	
cognitive	adaptations	within	the	genus.	To	investigate	spatial	navigation	and	
memory	among	the	four	populations,	I	asked	two	questions,	which	are	discussed	
below.	
	
	
Figure	5.8.	Mean	(±SE)	distance	travelled	during	the	two	probe	tests	conducted	24	and	48	hours	after	
the	last	training	session	respectively.	Test	was	a	significant	predictor	of	distance	travelled.	Fisher’s	
post	hoc	tests	showed	differences	between	groups,	indicated	by	different	letters.	
	
Q1a.	Did	individuals	of	all	4	populations	learn	the	location	of	their	home	
tunnels	in	the	training	phase?	
In	the	Barnes	maze,	the	widely-used	measures	of	errors,	distance	travelled	
and	latency	to	find	the	correct	tunnel	provide	an	interdependent	measure	of	
cognitive	performance	and	learning	(Harrison	et	al.	2009).	Decreases	over	time	in	
latency,	number	of	errors,	and	distance	travelled,	are	all	indicative	that	an	animal	
has	learnt	the	maze.	Individuals	performed	significantly	better	on	day	4	compared	to	
day	1,	regardless	of	population,	indicating	that	individuals	from	all	populations	have	
the	ability	to	learn	the	location	of	their	home	tunnel	in	the	Barnes	maze.	This	is	
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unsurprising	given	that	this	was	an	associative	learning	task,	which	most	animals	are	
able	to	accomplish	(Dickinson	2012;	Heyes	2012).		
There	were	some	significant	sex	differences.	Males	travelled	further	than	
females,	a	behaviour	typical	of	male	rodents,	which	generally	tend	to	be	more	
explorative	than	females	(e.g.	flying	squirrels	Pteromys,	Selonen	&	Hanski	2006;	deer	
mice	Peromyscus,	Jašarević	et	al.	2012).	Because	the	likelihood	of	making	errors	
increases	with	distance	travelled	and	activity	in	the	Barnes	maze	(Gaulin	et	al.	1990),	
males	also	made	significantly	more	errors.	Regardless,	males	and	females	did	not	
significantly	differ	in	latency	to	find	the	correct	tunnel,	indicating	a	similar	ability	to	
learn	over	time.	Female	superiority	in	accuracy	during	the	learning	phase	was	
surprising,	as	studies	have	shown	a	significant	male	advantage	in	spatial	learning	
tasks	for	laboratory	rats	and	mice	(Jonasson	2005;	Heyes	2012),	as	well	as	other	taxa	
(reviewed	in	Jones	et	al.	2003).	In	contrast,	Popović	et	al.	(2010)	argued	that	male	
and	female	degus	Octodon	degu	used	different	searching	strategies	while	learning,	
with	males	motivated	to	explore	and	thus	make	more	errors	than	females	(which	
made	fewer	errors	but	also	explored	less).	This	is	in	line	with	males	being	more	
explorative	than	females,	and	therefore	in	Rhabdomys,	while	the	sexes	differ	in	their	
exploration	and	errors,	there	may	not	be	any	sex	advantage	associated	with	learning	
as	the	sexes	found	the	tunnel	in	the	same	amount	of	time.	
The	quadratic	polynomial	contrast	for	population*sex*day	was	significant,	
indicating	that	these	predictors	influence	latency	in	a	non-linear	fluctuating	manner,	
making	for	complex	interpretation	of	the	relationships	as	emergent	patterns	may	
not	be	consistent.	Although	there	were	some	significant	population-level	differences	
in	latency,	when	all	measures	are	taken	together,	learning	ability	appears	to	be	
relatively	similar	across	populations.		
Q1b.	Do	the	populations	respond	differently	to	the	removal	of	external	cues?	
Previous	studies	suggest	that	other	rodents	preferentially	use	external	or	
room	cues	over	internal	maze	cues	(Harrison	et	al.	2006)	as	would	be	shown	by	a	
decline	in	performance	once	external	cues	were	removed.	This	was	not	the	case	in	
my	study,	as	the	performance	of	the	striped	mice	was	largely	unaffected	by	the	
removal	of	external	cues	from	the	Barnes	maze	on	day	4	and	day	5.		
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All	populations	showed	similar	latency	to	find	the	correct	tunnel.	However,	
R.	bechuanae	individuals	had	significantly	decreased	numbers	of	errors	and	shorter	
distances	when	external	cues	were	initially	removed,	suggesting	that	external	cues	
were	not	necessary	for	navigation	in	R.	bechuanae.	This	is	similar	to	male	deer	mice	
Peromyscus	maniculatus	bairdii,	which	use	intra-maze	cues	for	navigation	(Jašarević	
et	al.	2012).	By	probe	test	1,	all	populations	had	similar	performances,	suggesting	
that	R.	pumilio,	and	both	sympatric	and	allopatric	R.	d.	dilectus	were	able	to	
compensate	for	the	absence	of	external	cues	by	learning	to	use	intra-maze	cues	to	
navigate	to	their	tunnel.	
Q2:	Do	the	populations	differ	in	their	spatial	memory?	
Latency	to	find	the	correct	tunnel	may	be	the	most	important	measure	of	
memory,	while	the	number	of	errors	made	and	distance	travelled	provide	
information	on	searching	and	accuracy	during	the	90	second	probe	tests.	Declines	in	
performance	during	the	probe	test	phase	may	indicate	memory	decay	(Ziegler	&	
Wehner	1997;	Kleen	et	al.	2006).	In	my	study,	latency	to	find	the	correct	tunnel	was	
unchanged	from	probe	test	1	to	probe	test	2	for	both	sexes	in	all	populations,	but	
improved	error	rate	and	shorter	distances	travelled	may	reflect	improved	accuracy	
during	the	second	probe	test.	Regardless,	the	similar	performance	of	all	populations	
during	probe	test	2	suggests	a	lack	of	memory	decay	(i.e.	high	recall),	which	may	be	
due	to	the	short	inter-test	interval	(Hilton	&	Krebs	1990).	In	contrast	to	the	previous	
results	from	questions	1a&b,	the	lack	of	significant	sex	differences	in	performance	
showed	that	the	sexes	have	similar	spatial	memory.		
I	found	significant	population-level	differences	in	the	number	of	errors	made,	
with	R.	pumilio	and	R.	bechuanae	making	fewer	errors	than	sympatric	R.	d.	dilectus,	
while	allopatric	R.	d.	dilectus	was	not	different	to	all	populations,	in	both	probe	tests.	
The	accuracy	of	sympatric	and	allopatric	R.	d.	dilectus	improved	significantly	during	
the	second	test,	in	comparison	to	R.	pumilio	and	R.	bechuanae,	which	remained	
relatively	consistent	over	both	tests.	The	significant	decrease	in	errors	made	during	
the	second	probe	test	for	both	R.	dilectus	populations	could	be	indicative	of	
decreased	stress	or	habituation	to	the	testing	conditions.	Cognitive	ability	is	
diminished	at	both	high	and	low	stress	levels,	but	enhanced	at	intermediate	levels	
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(Kim	&	Haller	2007;	Lupien	et	al.	2007),	which	may	explain	the	decrease	in	errors	for	
R.	dilectus	during	the	second	probe	test,	as	habituation	can	reduce	stress	levels	
(reviewed	in	Barnum	et	al.	2007).	R.	pumilio	and	both	populations	of	R.	dilectus	do	
not	respond	in	the	same	way	to	anxiogenic	tests	like	the	four-arm	plus	maze	or	open	
field	tests	(Rymer	&	Pillay	2012)	or	isolation	stress	(Mackay	et	al.	2014),	where	R.	
dilectus	showed	a	high	stress	response	(at	least,	initially)	in	comparison	to	R.	pumilio.	
Although	there	were	population	and	population*test	differences	in	the	accuracy	of	
spatial	memory,	there	were	no	differences	in	distance	travelled	or	latency	to	find	the	
correct	tunnel,	indicating	that	the	populations	have	similar	spatial	memory	with	
variation	in	accuracy	only	initially.	
Animals	that	use	their	spatial	cognition	potential	may	tend	to	have	better	
ability	than	animals	in	environments	where	good	spatial	cognition	is	not	required	
(e.g.	Maguire	et	al.	2003;	Freas	et	al.	2012).	For	example,	du	Toit	et	al.	(2012b)	
compared	the	spatial	cognition	of	Natal	mole-rats	Cryptomys	hottentotus	natalensis	
which	were	raised	in	sparsely	furnished	laboratory	cages	to	that	of	wild-caught	
mole-rats.	Wild-caught	mole-rats,	which	maintain	highly	complex	tunnels	in	nature,	
had	better	spatial	cognitive	ability	compared	to	their	laboratory	counterparts	which	
did	not	maintain	any	burrow	systems	(du	Toit	et	al.	2012b).	Like	complex	
environments,	large	home	ranges	are	related	to	better	spatial	cognition,	possibly	
because	individuals	need	to	travel	over	greater	distances	(Börger	et	al.	2008),	
especially	for	foraging	(Hills	2006;	Janson	&	Byrne	2007),	thereby	encountering	more	
objects	in	their	home	ranges.	In	sympatry,	R.	d.	dilectus	has	a	smaller	home	range	
size	than	R.	bechuanae	(sympatric	R.	d.	dilectus:	2000m2	-	4000m2	vs	sympatric	R.	
bechuanae:	2500m2	-	10000m2;	Dufour	et	al.	2015),	which	might	explain	why	R.	
bechuanae	performs	slightly	better	in	the	Barnes	maze.	However,	the	reported	
home	range	size	of	R.	bechuanae	(ca	2500m2-10000m2;	Dufour	et	al.	2015)	is	larger	
than	home	range	sizes	of	R.	pumilio	(819m2-1530m2;	Schradin	&	Pillay	2005).	
Therefore,	home	range	size	alone	does	not	provide	a	satisfactory	explanation	for	the	
similarity	in	spatial	ability	between	R.	pumilio	and	R.	bechuanae,	but	may	provide	a	
potential	explanation	for	the	superior	performance	of	R.	bechuanae	when	external	
cues	were	removed.	
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Evolutionary	considerations	
Low	levels	of	individual	variation	within	a	population	are	suggestive	of	
stabilising	selection	pressure	on	a	trait	(Brodie	et	al.	1995),	or	tight	phylogenetic	
constraint	(Roll	et	al.	2006).	Conversely,	high	levels	of	variation	between	individuals	
within	a	population	could	be	indicative	of	relaxed	phylogenetic	effects	or	different	
selection	pressures	in	different	environments.	However,	if	different	populations	
occurring	in	different	environments	have	similar	behaviour	with	high	levels	of	
variation,	this	could	be	indicative	of	an	ancestral	trait	(phylogenetic	constraint;	
McKitrick	1993),	along	with,	or	relaxed	selection	pressures	(Lahti	et	al.	2009)	even	in	
different	environments.	
Environmental	influences	on	spatial	cognition	have	been	widely	studied,	but	in	
my	study,	the	locality	of	origin	was	not	a	significant	predictor	of	spatial	cognition.	It	
is	possible	that	phylogeny	or	similar	selection	pressures	are	responsible	for	the	
maintenance	of	spatial	cognition	ability	in	this	genus.	This	was	indicated	by	the	
ability	of	all	striped	mice	to	learn,	and	by	the	similar	spatial	memory	of	all	
populations.	There	were	small	variations	in	spatial	memory,	with	both	R.	d.	dilectus	
populations	showing	similar,	potentially	anxiety-related,	responses	to	the	spatial	
memory	test,	also	indicating	a	phylogenetic	signal,	or	similar	selection	pressures	in	
different	environments.		
In	conclusion,	I	studied	Rhabdomys	taxa	distributed	across	an	environmental	
gradient,	but	I	did	not	find	a	similar	gradient	in	the	spatial	cognition	ability	of	the	
populations	studied.	I	also	found	limited	environmental	influences	on	the	spatial	
learning	and	the	use	of	different	cues	(local/internal	or	global/external	maze	cues).	
Therefore	spatial	cognition	could	be	strongly	constrained	by	phylogeny	or	similar	
selection	pressures,	such	as	a	need	to	forage	over	large	distances,	in	this	genus.	
Future	studies	using	a	Barnes	maze	with	more	escape	tunnels	may	detect	
differences	at	a	finer	scale,	as	this	would	place	more	demand	on	the	cognitive	
abilities	of	the	test	subjects.	
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Supplementary	Material	1	
Model	outcomes	(Table	S1A)	and	data	summary	(Table	S1B)	for	non-significant	
factors	influencing	the	number	of	errors	made	during	day	1	and	day	4	of	training,	in	
the	Barnes	maze	by	male	and	female	Rhabdomys	individuals.	RP	(R.	pumilio)	
originated	from	the	semi-arid	western	parts	of	South	Africa,	RB	and	RDS	(sympatric	
R.	bechuanae	and	R.	d.	dilectus)	originated	from	the	central	grasslands,	and	RDE	
(allopatric	R.	d.	dilectus)	originated	from	the	moist	eastern	parts	of	South	Africa.	
	
Table	S1A.	Model	outcomes	for	non-significant	factors	influencing	the	
number	of	errors	made	in	the	Barnes	maze.	
Predictor	 Statistics	
Population	 F3,85=1.750,	p=0.163	
Population*sex	 F3,85=2.006,	p=0.119	
Day*population	 F3,85=1.016,	p=0.390	
Day*sex	 F1,85=1.602,	p=0.209	
Day*population*sex	 F3,85=1.786,	p=0.156	
	
Table	S1B.	Data	summary	for	the	non-significant	factors	influencing	the	
number	of	errors	made	in	the	Barnes	maze.		
Level	
Number	of	errors	
Mean	 SE	
RP	 5.94	 1.49	
RB	 4.77	 0.92	
RDS	 5.86	 1.62	
RDE	 2.65	 0.49	
RP	Female	 3.71	 1.14	
RP	Male	 8.17	 2.71	
RB	Female	 3.08	 1.12	
RB	Male	 6.46	 1.40	
RDS	Female	 3.44	 0.93	
RDS	Male	 7.67	 2.71	
RDE	Female	 3.75	 0.85	
RDE	Male	 1.54	 0.40	
Day	1	RP	 7.79	 2.74	
Day	1	RB	 4.83	 1.23	
Day	1	RDS	 8.95	 3.09	
Day	1	RDE	 3.46	 0.83	
Day	4	RP	 4.08	 1.13	
Day	4	RB	 4.71	 1.40	
Day	4	RDS	 2.76	 0.49	
Day	4	RDE	 1.83	 0.50	
Day	1	Female	 4.13	 0.76	
Day	1	Male	 8.08	 1.92	
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Level	
Number	of	errors	
Mean	 SE	
Day	4	Female	 2.87	 0.68	
Day	4	Male	 3.83	 0.74	
Day	1	RP	Female	 3.42	 1.43	
Day	1	RP	Male	 12.17	 5.07	
Day	1	RB	Female	 3.91	 1.80	
Day	1	RB	Male	 6.08	 1.80	
Day	1	RDS	Female	 4.22	 1.73	
Day	1	RDS	Male	 12.50	 5.11	
Day	1	RDE	Female	 5.33	 1.38	
Day	1	RDE	Male	 1.58	 0.57	
Day	4	RP	Female	 4.00	 1.83	
Day	4	RP	Male	 4.17	 1.42	
Day	4	RB	Female	 2.58	 1.54	
Day	4	RB	Male	 6.83	 2.23	
Day	4	RDS	Female	 2.67	 0.75	
Day	4	RDS	Male	 2.83	 0.68	
Day	4	RDE	Female	 2.17	 0.81	
Day	4	RDE	Male	 1.50	 0.60	
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Supplementary	Material	2	
Model	outcomes	(Table	S2A)	and	data	summary	(Table	S2B)	for	non-significant	
factors	influencing	the	distance	travelled	during	day	1	and	day	4	of	training,	in	the	
Barnes	maze	by	male	and	female	Rhabdomys	individuals.	RP	(R.	pumilio)	originated	
from	the	semi-arid	western	parts	of	South	Africa,	RB	and	RDS	(sympatric	R.	
bechuanae	and	R.	d.	dilectus)	originated	from	the	central	grasslands,	and	RDE	
(allopatric	R.	d.	dilectus)	originated	from	the	moist	eastern	parts	of	South	Africa.	
	
Table	S2A.	Model	outcomes	for	non-significant	factors	influencing	the	
number	of	errors	made	in	the	Barnes	maze.	
Predictor	 Statistics	
Population	 F3,85=1.226,	p=0.305	
Day	 F1,85=2.526,	p=0.116	
Population*sex	 F3,85=1.716,	p=0.170	
Day*population	 F3,85=2.525,	p=0.063	
Day*sex	 F1,85=0.051,	p=0.823	
Day*population*sex	 F3,85=2.491,	p=0.066	
	
Table	S2B.	Data	summary	for	the	non-significant	factors	influencing	the	
distance	travelled	in	the	Barnes	maze.		
Level	
Distance	(cm)	
Mean	 SE	
RP	 1000.33	 239.72	
RB	 870.68	 220.09	
RDS	 817.70	 236.06	
RDE	 500.90	 136.13	
Day	1	 958.70	 167.56	
Day	4	 634.80	 127.02	
RP	Female	 488.65	 139.30	
RP	Male	 1512.02	 438.97	
RB	Female	 534.90	 145.48	
RB	Male	 1206.46	 408.66	
RDS	Female	 544.47	 227.87	
RDS	Male	 1022.63	 375.22	
RDE	Female	 585.88	 219.24	
RDE	Male	 415.92	 164.44	
Day	1	RP	 1313.46	 440.15	
Day	1	RB	 612.76	 146.17	
Day	1	RDS	 1374.86	 442.77	
Day	1	RDE	 585.73	 218.25	
Day	4	RP	 687.21	 180.59	
Day	4	RB	 1128.60	 413.30	
Day	4	RDS	 260.54	 37.10	
Day	4	RDE	 416.07	 165.76	
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Level	
Distance	(cm)	
Mean	 SE	
Day	1	Female	 670.84	 149.70	
Day	1	Male	 1228.56	 289.16	
Day	4	Female	 405.30	 97.88	
Day	4	Male	 849.95	 225.27	
Day	1	RP	Female	 438.79	 120.15	
Day	1	RP	Male	 2188.13	 810.31	
Day	1	RB	Female	 504.59	 175.51	
Day	1	RB	Male	 749.63	 243.81	
Day	1	RDS	Female	 831.36	 442.46	
Day	1	RDS	Male	 1782.49	 694.09	
Day	1	RDE	Female	 977.46	 412.06	
Day	1	RDE	Male	 194.00	 38.65	
Day	4	RP	Female	 538.50	 257.40	
Day	4	RP	Male	 835.91	 257.10	
Day	4	RB	Female	 593.91	 247.75	
Day	4	RB	Male	 1663.29	 775.23	
Day	4	RDS	Female	 257.57	 65.83	
Day	4	RDS	Male	 262.77	 44.90	
Day	4	RDE	Female	 194.30	 57.76	
Day	4	RDE	Male	 637.84	 320.36	
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Supplementary	Material	3	
Model	outcomes	(Table	S3A)	and	data	summary	(Table	S3B)	for	non-significant	
factors	influencing	the	latency	to	find	the	correct	tunnel	during	day	1	and	day	4	of	
training,	in	the	Barnes	maze	by	male	and	female	Rhabdomys	individuals.	RP	(R.	
pumilio)	originated	from	the	semi-arid	western	parts	of	South	Africa,	RB	and	RDS	
(sympatric	R.	bechuanae	and	R.	d.	dilectus)	originated	from	the	central	grasslands,	
and	RDE	(allopatric	R.	d.	dilectus)	originated	from	the	moist	eastern	parts	of	South	
Africa.	
	
Table	S3A.	Model	outcomes	for	non-significant	factors	influencing	the	latency	
to	find	the	correct	tunnel	in	the	Barnes	maze.	
Predictor	 Statistics	
Population	 F3,85=2.449,	p=0.069	
Sex	 F1,85=0.751,	p=0.389	
Population*sex	 F3,85=0.942,	p=0.424	
Day*population	 F3,85=1.082,	p=0.361	
Day*sex	 F1,85=0.922,	p=0.340	
	
Table	S3B.	Data	summary	for	the	non-significant	factors	influencing	the	
latency	to	find	the	correct	tunnel	in	the	Barnes	maze.		
Level	
Latency	(s)	
Mean	 SE	
RP	 60.41	 11.77	
RB	 30.49	 6.93	
RDS	 38.73	 8.73	
RDE	 57.19	 12.00	
Female	 43.42	 7.53	
Male	 50.28	 7.03	
Day	1	 65.85	 6.92	
Day	4	 28.07	 7.09	
RP	Female	 66.35	 20.67	
RP	Male	 54.47	 11.64	
RB	Female	 30.39	 12.98	
RB	Male	 30.60	 5.26	
RDS	Female	 19.93	 8.16	
RDS	Male	 52.83	 13.44	
RDE	Female	 51.15	 11.78	
RDE	Male	 63.22	 21.13	
Day	1	RP	 80.50	 14.80	
Day	1	RB	 34.75	 6.15	
Day	1	RDS	 66.72	 15.11	
Day	1	RDE	 81.55	 15.80	
Day	4	RP	 40.32	 17.66	
Day	4	RB	 26.23	 12.52	
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Level	
Latency	(s)	
Mean	 SE	
Day	4	RDS	 10.75	 2.39	
Day	4	RDE	 32.82	 16.95	
Day	1	Female	 57.39	 9.52	
Day	1	Male	 73.79	 9.96	
Day	4	Female	 29.45	 11.39	
Day	4	Male	 26.78	 8.76	
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Supplementary	Material	4	
Model	outcomes	(Table	S4A)	and	data	summary	(Table	S4B)	for	non-significant	
factors	influencing	the	number	of	errors	made	during	day	4	and	day	5	of	training,	in	
the	Barnes	maze	by	male	and	female	Rhabdomys	individuals.	RP	(R.	pumilio)	
originated	from	the	semi-arid	western	parts	of	South	Africa,	RB	and	RDS	(sympatric	
R.	bechuanae	and	R.	d.	dilectus)	originated	from	the	central	grasslands,	and	RDE	
(allopatric	R.	d.	dilectus)	originated	from	the	moist	eastern	parts	of	South	Africa.	
	
Table	S4A.	Model	outcomes	for	non-significant	factors	influencing	the	
number	of	errors	made	in	the	Barnes	maze.	
Predictor	 Statistics	
Population	 F3,85=1.960,	p=0.126	
Sex	 F1,85=1.621,	p=0.206	
Day	 F1,85=0.012,	p=0.914	
Population*sex	 F3,85=0.561,	p=0.642	
Day*sex	 	F1,85=0.113,	p=0.737	
Day*population*sex	 F3,85=1.537,	p=0.211	
	
Table	S4B.	Data	summary	for	the	non-significant	factors	influencing	the	
number	of	errors	made	in	the	Barnes	maze.		
Level	
Errors		
Mean	 SE	
RP	 4.46	 0.73	
RB	 3.42	 0.77	
RDS	 2.50	 0.32	
RDE	 2.88	 0.46	
Female	 2.96	 0.41	
Male	 3.70	 0.46	
Day	4	 3.37	 0.50	
Day	5	 3.31	 0.36	
RP	Female	 3.92	 1.04	
RP	Male	 5.00	 1.03	
RB	Female	 2.46	 0.91	
RB	Male	 4.38	 1.23	
RDS	Female	 2.44	 0.49	
RDS	Male	 2.54	 0.44	
RDE	Female	 2.88	 0.58	
RDE	Male	 2.88	 0.73	
Day	4	Female	 2.87	 0.68	
Day	4	Male	 3.83	 0.74	
Day	5	Female	 3.04	 0.47	
Day	5	Male	 3.56	 0.55	
Day	4	RP	Female	 4.00	 1.83	
Day	4	RP	Male	 4.17	 1.42	
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Level	
Errors		
Mean	 SE	
Day	4	RB	Female	 2.36	 1.67	
Day	4	RB	Male	 6.83	 2.23	
Day	4	RDS	Female	 2.67	 0.75	
Day	4	RDS	Male	 2.83	 0.68	
Day	4	RDE	Female	 2.17	 0.81	
Day	4	RDE	Male	 1.50	 0.60	
Day	5	RP	Female	 3.83	 1.06	
Day	5	RP	Male	 5.83	 1.50	
Day	5	RB	Female	 2.33	 1.03	
Day	5	RB	Male	 1.92	 0.47	
Day	5	RDS	Female	 2.22	 0.68	
Day	5	RDS	Male	 2.25	 0.57	
Day	5	RDE	Female	 3.58	 0.83	
Day	5	RDE	Male	 4.25	 1.24	
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Supplementary	Material	5	
Model	outcomes	(Table	S5A)	and	data	summary	(Table	S5B)	for	non-significant	
factors	influencing	the	distance	travelled	during	day	4	and	day	5	of	training,	in	the	
Barnes	maze	by	male	and	female	Rhabdomys	individuals.	RP	(R.	pumilio)	originated	
from	the	semi-arid	western	parts	of	South	Africa,	RB	and	RDS	(sympatric	R.	
bechuanae	and	R.	d.	dilectus)	originated	from	the	central	grasslands,	and	RDE	
(allopatric	R.	d.	dilectus)	originated	from	the	moist	eastern	parts	of	South	Africa.	
	
Table	S5A.	Model	outcomes	for	non-significant	factors	influencing	the	
distance	travelled	in	the	Barnes	maze.	
Predictor	 Statistics	
Population	 F3,85=2.350,	p=0.078	
Day	 F1,85=3.448,	p=0.067	
Population*sex	 F3,85=0.474,	p=0.701	
Day*sex	 F1,85=1.749,	p=0.190	
Day*population*sex	 F3,85=1.521,	p=0.215	
	
Table	S5B.	Data	summary	for	the	non-significant	factors	influencing	the	
distance	travelled	in	the	Barnes	maze.		
Level	
Distance	(m)	
Mean	 SE	
RP	 684.68	 113.18	
RB	 690.11	 215.60	
RDS	 285.78	 34.44	
RDE	 376.11	 84.33	
Day	4	 634.80	 127.02	
Day	5	 397.95	 44.81	
RP	Female	 495.57	 142.43	
RP	Male	 873.79	 170.15	
RB	Female	 440.65	 133.66	
RB	Male	 939.57	 408.30	
RDS	Female	 252.33	 41.54	
RDS	Male	 310.86	 51.76	
RDE	Female	 263.49	 38.93	
RDE	Male	 488.72	 162.62	
Day	4	Female	 405.30	 97.88	
Day	4	Male	 849.95	 225.27	
Day	5	Female	 335.48	 46.94	
Day	5	Male	 456.52	 74.37	
Day	4	RP	Female	 538.50	 257.40	
Day	4	RP	Male	 835.91	 257.10	
Day	4	RB	Female	 598.39	 271.35	
Day	4	RB	Male	 1663.29	 775.23	
Day	4	RDS	Female	 257.57	 65.83	
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Level	
Distance	(m)	
Mean	 SE	
Day	4	RDS	Male	 262.77	 44.90	
Day	4	RDE	Female	 194.30	 57.76	
Day	4	RDE	Male	 637.84	 320.36	
Day	5	RP	Female	 452.65	 135.07	
Day	5	RP	Male	 911.67	 233.90	
Day	5	RB	Female	 287.39	 95.15	
Day	5	RB	Male	 215.84	 30.58	
Day	5	RDS	Female	 247.08	 54.70	
Day	5	RDS	Male	 358.95	 93.64	
Day	5	RDE	Female	 332.68	 46.18	
Day	5	RDE	Male	 339.60	 62.55	
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Supplementary	Material	6	
Model	outcomes	(Table	S6A)	and	data	summary	(Table	S6B)	for	non-significant	
factors	influencing	the	latency	to	find	the	correct	tunnel	during	day	4	and	day	5	of	
training,	in	the	Barnes	maze	by	male	and	female	Rhabdomys	individuals.	RP	(R.	
pumilio)	originated	from	the	semi-arid	western	parts	of	South	Africa,	RB	and	RDS	
(sympatric	R.	bechuanae	and	R.	d.	dilectus)	originated	from	the	central	grasslands,	
and	RDE	(allopatric	R.	d.	dilectus)	originated	from	the	moist	eastern	parts	of	South	
Africa.	
	
Table	S6A.	Model	outcomes	for	non-significant	factors	influencing	the	latency	
to	find	the	correct	tunnel	in	the	Barnes	maze.	
Predictor	 Statistics	
Population	 F3,85=0.784,	p=0.506	
Sex	 F1,85=0.001,	p=0.979	
Day	 F1,85=2.759,	p=0.100	
Population*sex	 F3,85=0.844,	p=0.473	
Day*population	 F3,85=1.947,	p=0.128	
Day*sex	 F1,85=0.039,	p=0.844	
Day*population*sex	 F3,85=1.072,	p=0.365	
	
Table	S6B.	Data	summary	for	the	non-significant	factors	influencing	the	
latency	to	find	the	correct	tunnel	in	the	Barnes	maze.		
Level	
Latency	(s)	
Mean	 SE	
RP	 47.53	 12.59	
RB	 38.16	 12.13	
RDS	 21.02	 9.80	
RDE	 41.41	 13.02	
Female	 38.32	 9.42	
Male	 36.82	 7.72	
Day	4	 48.03	 10.29	
Day	5	 27.06	 6.19	
RP	Female	 64.03	 22.81	
RP	Male	 31.03	 10.18	
RB	Female	 29.49	 17.04	
RB	Male	 46.84	 17.44	
RDS	Female	 19.40	 16.51	
RDS	Male	 22.24	 12.18	
RDE	Female	 35.65	 16.80	
RDE	Male	 47.16	 20.19	
Day	4	RP	 40.32	 17.66	
Day	4	RB	 57.11	 22.73	
Day	4	RDS	 23.13	 13.97	
Day	4	RDE	 68.45	 24.83	
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Level	
Latency	(s)	
Mean	 SE	
Day	5	RP	 54.75	 18.20	
Day	5	RB	 19.21	 7.30	
Day	5	RDS	 18.91	 14.08	
Day	5	RDE	 14.37	 3.55	
Day	4	Female	 48.47	 15.22	
Day	4	Male	 47.61	 14.09	
Day	5	Female	 28.17	 11.09	
Day	5	Male	 26.03	 6.11	
Day	4	RP	Female	 68.74	 33.18	
Day	4	RP	Male	 11.89	 7.50	
Day	4	RB	Female	 57.58	 36.14	
Day	4	RB	Male	 60.87	 32.43	
Day	4	RDS	Female	 3.07	 0.87	
Day	4	RDS	Male	 38.18	 23.93	
Day	4	RDE	Female	 57.39	 32.84	
Day	4	RDE	Male	 79.50	 38.44	
Day	5	RP	Female	 59.32	 32.72	
Day	5	RP	Male	 50.17	 17.62	
Day	5	RB	Female	 5.63	 2.09	
Day	5	RB	Male	 32.80	 13.60	
Day	5	RDS	Female	 35.72	 33.04	
Day	5	RDS	Male	 6.31	 1.12	
Day	5	RDE	Female	 13.92	 3.99	
Day	5	RDE	Male	 14.82	 6.07	
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Supplementary	Material	7	
Model	outcomes	(Table	S7A)	and	data	summary	(Table	S7B)	for	non-significant	
factors	influencing	the	number	of	errors	made	during	probe	test	1	and	2,	in	the	
Barnes	maze	by	male	and	female	Rhabdomys	individuals.	RP	(R.	pumilio)	originated	
from	the	semi-arid	western	parts	of	South	Africa,	RB	and	RDS	(sympatric	R.	
bechuanae	and	R.	d.	dilectus)	originated	from	the	central	grasslands,	and	RDE	
(allopatric	R.	d.	dilectus)	originated	from	the	moist	eastern	parts	of	South	Africa.	
	
Table	S7A.	Model	outcomes	for	non-significant	factors	influencing	the	
number	of	errors	in	the	Barnes	maze.	
Predictor	 Statistics	
Sex	 F1,23=0.780,	p=0.386	
Population*sex	 F3,23=0.534,	p=0.663	
Test*sex	 F1,23=1.732,	p=0.201	
Test*population*sex	 F3,23=0.876,	p=0.468	
	
Table	S7B.	Data	summary	for	the	non-significant	factors	influencing	the	
number	of	errors	in	the	Barnes	maze.		
Level	
Errors	
Mean	 SE	
Female	 16.00	 1.64	
Male	 14.06	 1.83	
RP	Female	 14.75	 3.22	
RP	Male	 7.38	 2.42	
RB	Female	 11.13	 1.52	
RB	Male	 8.75	 2.27	
RDS	Female	 21.67	 5.14	
RDS	Male	 23.50	 4.40	
RDE	Female	 17.88	 2.70	
RDE	Male	 16.63	 2.26	
Test	1	Female	 19.67	 2.49	
Test	1	Male	 16.38	 2.98	
Test	2	Female	 12.33	 1.73	
Test	2	Male	 11.75	 2.07	
Test	1	RP	Female	 17.00	 5.12	
Test	1	RP	Male	 6.50	 3.88	
Test	1	RB	Female	 13.75	 2.17	
Test	1	RB	Male	 7.75	 3.07	
Test	1	RDS	Female	 28.67	 8.41	
Test	1	RDS	Male	 30.00	 4.18	
Test	1	RDE	Female	 21.50	 2.63	
Test	1	RDE	Male	 21.25	 2.95	
Test	2	RP	Female	 12.50	 4.35	
Test	2	RP	Male	 8.25	 3.42	
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Level	
Errors	
Mean	 SE	
Test	2	RB	Female	 8.50	 1.19	
Test	2	RB	Male	 9.75	 3.75	
Test	2	RDS	Female	 14.67	 3.48	
Test	2	RDS	Male	 17.00	 6.67	
Test	2	RDE	Female	 14.25	 4.27	
Test	2	RDE	Male	 12.00	 0.91	
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Supplementary	Material	8	
Model	outcomes	(Table	S8A)	and	data	summary	(Table	S8B)	for	non-significant	
factors	influencing	the	distance	travelled	during	probe	test	1	and	2,	in	the	Barnes	
maze	by	male	and	female	Rhabdomys	individuals.	RP	(R.	pumilio)	originated	from	the	
semi-arid	western	parts	of	South	Africa,	RB	and	RDS	(sympatric	R.	bechuanae	and	R.	
d.	dilectus)	originated	from	the	central	grasslands,	and	RDE	(allopatric	R.	d.	dilectus)	
originated	from	the	moist	eastern	parts	of	South	Africa.	
	
Table	S8A.	Model	outcomes	for	non-significant	factors	influencing	the	
distance	travelled	in	the	Barnes	maze.	
Predictor	 Statistics	
Population	 F3,23=2.147,	p=0.122	
Sex	 F1,23=0.721,	p=0.405	
Population*sex	 F3,23=0.049,	p=0.985	
Test*population	 F3,23=0.924,	p=0.445	
Test*sex	 F1,23=0.143,	p=0.709	
Test*population*sex	 F3,23=2.025,	p=0.138	
	
Table	S8B.	Data	summary	for	the	non-significant	factors	influencing	the	
distance	travelled	in	the	Barnes	maze.		
Level	
Distance	(cm)	
Mean	 SE	
RP	 1599.50	 196.13	
RB	 1223.75	 176.09	
RDS	 2435.93	 249.66	
RDE	 1997.63	 340.14	
Female	 1929.57	 217.09	
Male	 1667.19	 161.77	
RP	Female	 1718.50	 365.08	
RP	Male	 1480.50	 165.93	
RB	Female	 1363.75	 198.56	
RB	Male	 1083.75	 296.43	
RDS	Female	 2527.33	 311.48	
RDS	Male	 2367.38	 386.04	
RDE	Female	 2258.13	 633.77	
RDE	Male	 1737.13	 273.44	
Test	1	RP	 1686.75	 312.85	
Test	1	RB	 1424.38	 267.50	
Test	1	RDS	 2810.43	 307.35	
Test	1	RDE	 2267.50	 422.61	
Test	2	RP	 1512.25	 254.59	
Test	2	RB	 1023.13	 223.25	
Test	2	RDS	 2061.43	 359.00	
Test	2	RDE	 1727.75	 544.45	
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Level	
Distance	(cm)	
Mean	 SE	
Test	1	Female	 2181.60	 275.82	
Test	1	Male	 1873.63	 252.79	
Test	2	Female	 1677.53	 331.80	
Test	2	Male	 1460.75	 196.41	
Test	1	RP	Female	 2040.50	 584.83	
Test	1	RP	Male	 1333.00	 176.92	
Test	1	RB	Female	 1637.25	 306.97	
Test	1	RB	Male	 1211.50	 457.69	
Test	1	RDS	Female	 2757.33	 451.36	
Test	1	RDS	Male	 2850.25	 476.99	
Test	1	RDE	Female	 2435.25	 763.87	
Test	1	RDE	Male	 2099.75	 480.82	
Test	2	RP	Female	 1396.50	 459.19	
Test	2	RP	Male	 1628.00	 287.55	
Test	2	RB	Female	 1090.25	 199.70	
Test	2	RB	Male	 956.00	 435.56	
Test	2	RDS	Female	 2297.33	 477.99	
Test	2	RDS	Male	 1884.50	 559.01	
Test	2	RDE	Female	 2081.00	 1126.96	
Test	2	RDE	Male	 1374.50	 173.43	
	
	 	
		
CHAPTER	5	
	
	 	
175	
Supplementary	Material	9	
Model	outcomes	(Table	S9A)	and	data	summary	(Table	S9B)	for	non-significant	
factors	influencing	the	latency	to	find	the	correct	tunnel	during	probe	test	1	and	2,	in	
the	Barnes	maze	by	male	and	female	Rhabdomys	individuals.	RP	(R.	pumilio)	
originated	from	the	semi-arid	western	parts	of	South	Africa,	RB	and	RDS	(sympatric	
R.	bechuanae	and	R.	d.	dilectus)	originated	from	the	central	grasslands,	and	RDE	
(allopatric	R.	d.	dilectus)	originated	from	the	moist	eastern	parts	of	South	Africa.	
	
Table	S9A.	Model	outcomes	for	non-significant	factors	influencing	the	latency	
to	find	the	correct	tunnel	in	the	Barnes	maze.	
Predictor	 Statistics	
Population	 F3,23=1.053,	p=0.388	
Sex	 F1,23=0.199,	p=0.659	
Test	 F1,23=0.257,	p=0.617	
Population*sex	 F3,23=1.658,	p=0.204	
Test*population	 F3,23=0.801,	p=0.506	
Test*sex	 F1,23=0.669,	p=0.422	
Test*population*sex	 F3,23=0.729,	p=0.545	
	
Table	S9B.	Data	summary	for	the	non-significant	factors	influencing	the	
latency	to	find	the	correct	tunnel	in	the	Barnes	maze.		
Level	
Latency	(s)	
Mean	 SE	
RP	 6.62	 2.44	
RB	 17.89	 4.33	
RDS	 11.37	 5.49	
RDE	 9.29	 4.48	
Female	 12.70	 3.32	
Male	 9.97	 2.77	
Test	1	 10.35	 2.29	
Test	2	 12.23	 3.65	
RP	Female	 5.89	 3.40	
RP	Male	 7.36	 3.71	
RB	Female	 23.60	 7.14	
RB	Male	 12.19	 4.46	
RDS	Female	 3.26	 1.36	
RDS	Male	 17.46	 9.19	
RDE	Female	 15.70	 8.59	
RDE	Male	 2.87	 0.64	
Test	1	RP	 10.55	 4.46	
Test	1	RB	 14.88	 4.44	
Test	1	RDS	 8.05	 5.57	
Test	1	RDE	 7.65	 4.43	
Test	2	RP	 2.70	 1.09	
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Level	
Latency	(s)	
Mean	 SE	
Test	2	RB	 20.91	 7.61	
Test	2	RDS	 14.70	 9.79	
Test	2	RDE	 10.93	 8.09	
Test	1	Female	 10.14	 3.43	
Test	1	Male	 10.55	 3.17	
Test	2	Female	 15.26	 5.75	
Test	2	Male	 9.39	 4.64	
Test	1	RP	Female	 8.79	 6.65	
Test	1	RP	Male	 12.31	 6.81	
Test	1	RB	Female	 14.66	 7.94	
Test	1	RB	Male	 15.09	 5.40	
Test	1	RDS	Female	 2.03	 0.15	
Test	1	RDS	Male	 12.56	 9.62	
Test	1	RDE	Female	 13.05	 8.46	
Test	1	RDE	Male	 2.24	 0.87	
Test	2	RP	Female	 2.99	 1.99	
Test	2	RP	Male	 2.40	 1.24	
Test	2	RB	Female	 32.53	 11.03	
Test	2	RB	Male	 9.28	 7.63	
Test	2	RDS	Female	 4.49	 2.76	
Test	2	RDS	Male	 22.36	 16.91	
Test	2	RDE	Female	 18.35	 16.37	
Test	2	RDE	Male	 3.50	 0.95	
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GENERAL	DISCUSSION	
The	behaviour	of	an	animal	results	from	interactions	between	its	genotype	
and	the	environment	(Schlichting	&	Pigliucci	1998).	Because	different	environments	
impose	different	selection	pressures	on	animals,	they	are	likely	to	be	locally	adapted	
to	the	environments	they	occupy	(Taylor	1991).	Populations	or	closely	related	
species	that	develop	adaptations	in	response	to	differences	in	their	environments	
may	have	undergone	an	adaptive	diversification	(Glor	2010;	Losos	&	Mahler	2010)	or	
adaptive	radiation	(Schluter	2000).	The	genus	Rhabdomys	is	a	good	study	model	to	
investigate	behavioural	adaptive	radiation	because	several	species	occupy	different	
habitats	across	South	Africa.	Previous	studies	on	two	taxa	(R.	pumilio	and	R.	dilectus)	
have	indicated	differences	in	behaviour	that	may	be	linked	to	environmental	
variation	(Schradin	&	Pillay	2005;	Rymer	et	al.	2008;	Rymer	&	Pillay	2012;	Mackay	et	
al.	2014).	In	addition,	the	phylogeographic	history	of	the	genus	indicates	that	
Rhabdomys	taxa	radiated	from	a	common	ancestor	(Ganem	et	al.	2012),	possibly	in	
central	South	Africa	(du	Toit	et	al.	2012a),	with	later	radiations	into	the	eastern	
grasslands	(Ganem	et	al.	2012).	At	least	three	species	occupy	different	habitats	with	
potentially	different	selection	pressures,	and	at	least	one	location	in	central	South	
Africa	has	co-existing	taxa,	which	provides	an	additional	opportunity	to	study	the	
influence	of	co-existence	on	the	behavioural	phenotypes	of	similar	taxa.	
My	specific	objectives	were	to	establish	the	personality	and	the	presence	of	
behavioural	syndromes,	and	describe	the	spatial	cognition	ability	of	R.	pumilio,	
sympatric	R.	bechuanae	and	R.	d.	dilectus,	and	an	allopatric	population	of	R.	d.	
dilectus.	I	studied	personality	and	spatial	cognition	because	other	studies	have	
shown	environmentally	linked	adaptive	variation	(e.g.	personality:	Brown	et	al.	2005;	
spatial	cognition:	Freas	et	al.	2012).	I	then	established	developmental	plasticity	(a	
requirement	for	adaptive	radiation	or	diversification;	Losos	2010)	by	altering	the	
social	rearing	environment	in	R.	pumilio	and	R.	bechuanae,	and	the	physical	rearing	
environment	in	R.	pumilio,	sympatric	R.	d.	dilectus	and	R.	bechuanae,	an	allopatric	
population	of	R.	bechuanae.	The	first	approach	was	descriptive,	and	the	second	was	
manipulative.	I	used	both	approaches	as	I	first	needed	to	document	taxon-level	
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differences,	and	then	used	the	experimental	approach	to	consider	genotype-
environment	interactions.	The	manipulative	approach	further	tested	whether	any	
taxon-level	differences	are	genetically	fixed	(i.e.	changes	to	the	environment	do	not	
alter	the	phenotype;	Zewdie	&	Bosland	2000),	or	whether	the	environment	largely	
influences	the	phenotype.	For	example,	all	species	of	deer	mice	(genus	Peromyscus)	
retain	the	ability	to	burrow,	even	after	several	generations	in	captivity	and	kept	in	
different	environmental	conditions	(Weber	&	Hoekstra	2009),	indicating	a	strong	
genetic	component	to	this	behaviour.	In	contrast,	the	social	organisation	of	different	
populations	of	cavies	Microcavia	australis	varies	according	to	the	environmental	
conditions.	At	night,	in	locations	with	extreme	climatic	conditions,	burrows	are	
shared	by	larger	groups	of	cavies,	compared	to	groups	occurring	at	milder	climates	
(Taraborelli	&	Moreno	2009).	This	indicates	that	the	environment	modifies	the	social	
organisation	in	cavies.	
Phenotypic	variation	
When	I	assessed	the	personality	and	behavioural	syndromes	of	R.	pumilio,	
sympatric	R.	bechuanae	and	R.	d.	dilectus,	and	an	allopatric	population	of	
R.	d.	dilectus,	I	found	that	there	was	some	predictable	variation	in	personality	types.	
R.	pumilio	and	allopatric	R.	d.	dilectus	conformed	to	the	results	of	other	studies	
(Rymer	&	Pillay	2012;	Mackay	et	al.	2014),	whereby	R.	pumilio	is	significantly	bolder	
and	the	allopatric	R.	d.	dilectus	is	significantly	less	bold.	A	bolder	personality	type	
may	be	advantageous	in	open	areas	(because	predation	risk	is	higher	in	open	areas;	
Kotler	et	al.	1991;	Perea	et	al.	2011)	and	animals	need	to	traverse	open	areas	
(thereby	risking	predation)	in	order	to	forage	(Hughes	&	Ward	1993).	In	support,	
midday	gerbils	Meriones	meridianus	had	a	significantly	greater	giving-up	density	
(GUD)	in	uncovered	seed	trays,	compared	to	seed	trays	that	were	under	cover	or	
close	to	burrows	(Shuai	&	Song	2011).	Areas	further	away	from	cover	were	
associated	with	increased	predation	risk	(Brown	et	al.	1988),	and	increased	
predation	risk	is	associated	with	increased	boldness	(Niemelä	et	al.	2012),	so	
habitats	that	are	more	open	may	be	associated	with	bolder	individuals.	The	
significantly	less	bold	phenotype	of	sympatric	R.	bechuanae	was	not	unexpected	
because	the	habitat	where	it	occurs	is	more	similar	to	the	grassland	habitat	of	
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allopatric	R.	d.	dilectus	than	to	the	semi-arid	habitat	of	R.	pumilio.	The	surprising	
result	was	that	sympatric	R.	d.	dilectus	was	more	similar	to	R.	pumilio	(i.e.	bolder),	
which	I	suggest	may	be	due	to	inter-specific	competition	between	R.	bechuanae	and	
R.	d.	dilectus	in	sympatry.	In	addition,	the	sympatric	R.	d.	dilectus	had	more	
indications	of	behavioural	syndromes	than	any	of	the	other	populations,	possibly	
related	to	competition	in	sympatry.	Co-existence	has	been	studied	previously	
amongst	R.	d.	dilectus	and	R.	bechuanae	in	central	South	Africa	(Dufour	2014).	In	
sympatry,	the	home	ranges	of	R.	bechuanae	and	R.	d.	dilectus	were	larger	than	
allopatric	populations,	indicating	that	competition	between	the	species	may	be	
influencing	home	range	sizes	(Dufour	et	al.	2015)	and	possibly	other	traits.	
Although	there	were	taxon-level	personality	differences,	there	was	some	
degree	of	overlap	in	personality	among	and	within	taxa,	which	indicates	that	there	is	
both	directional	and	stabilising	selection	(Arnold	1992)	on	personality	among	the	
taxa.	Directional	selection	is	evident	in	the	overall	degree	of	differences	in	
personality	between	the	taxa	(Rieseberg	et	al.	2002),	while	stabilising	selection	is	
evident	in	the	level	of	overlap	between	the	taxa	(Hohenboken	1985).	Thus,	the	clear	
patterns	of	boldness	in	my	study	are	suggestive	of	some	form	of	environmental	
selection	pressure	on	personality.	Previously,	Mackay	(2011)	suggested	that	cover	is	
an	important	selection	pressure	driving	behaviour	in	Rhabdomys,	but	environmental	
selection	pressure	may	not	be	the	only	driver	of	taxon-level	differences,	since	
genetic	drift	may	also	account	for	behavioural	differences	between	taxa.	
There	were	small	but	significant	differences	in	spatial	cognition,	with	R.	
bechuanae	significantly	better	able	to	navigate	without	external	cues,	and	R.	
bechuanae	and	R.	pumilio	having	marginally	better	spatial	memory	than	both	
sympatric	and	allopatric	R.	d.	dilectus,	although	both	R.	d.	dilectus	populations	
improved	over	time.	Thus,	there	was	variation	in	spatial	cognition,	but	this	was	not	
consistent	and	not	predictable	across	all	taxa.	This	suggests	that	spatial	cognition	
may	be	phylogenetically	constrained	and	immutable,	or	there	might	be	similar	
pressures	driving	spatial	cognition	even	in	the	different	habitats.	
Often,	there	is	an	association	between	personality	and	cognition	(Carere	&	
Locurto	2011),	where	bolder,	more	exploratory	individuals	make	less	accurate	
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decisions,	but	may	be	faster	decision	makers	than	less	bold,	less	exploratory	
individuals	(Sih	&	Del	Giudice	2012).	For	example,	rainbow	trout	Oncorhynchus	
mykiss	individuals	that	spent	more	time	and	were	more	active	in	open	areas	(i.e.	
bolder),	learnt	faster	in	a	simple	associative	learning	task	than	less	bold	trout	
(Sneddon	2003).	The	differences	between	the	taxa	in	personality	but	not	spatial	
cognition	suggest	that	personality	and	spatial	cognition	may	not	be	linked	in	
Rhabdomys.	I	propose	that	spatial	cognition	may	be	phylogenetically	constrained	
and	that	divergence	in	personality	is	associated	with	adaptive	variation	or	possibly	
genetic	drift	in	the	genus.	
Genetic	drift	is	a	process	where	the	frequencies	of	genotypes	change	
randomly	between	generations	(Lande	1976;	Ridley	2004),	and	could	account	for	
differences	in	behaviour	between	taxa.	For	example,	in	the	bumblebee	Bombus	
terrestris,	different	populations	have	different	preferences	for	flower	colour,	which	
can	be	attributed	to	genetic	drift	(Raine	et	al.	2006).	The	influences	of	genetic	drift	
may	be	more	pronounced	in	small	(Lande	1976)	and	founder	(Templeton	1980;	
Ridley	2004)	populations,	and	changes	in	the	frequencies	of	genotypes	could	lead	to	
speciation	in	allopatry	(Lande	1976;	but	see	Turelli	et	al.	2001).	In	Rhabdomys,	range	
contractions	during	the	Last	Glacial	Maximum	could	have	resulted	in	population	
bottlenecks	(du	Toit	et	al.	2012a),	with	the	implication	that	genetic	drift	could	be	a	
plausible	explanation	for	phenotypic	differences	between	the	taxa.	
Gene-environment	interactions	
I	assessed	the	influences	of	social	(early	social	rearing	environment)	and	
physical	(housing)	environments	on	exploratory	behaviour	and	anxiety.	Exploratory	
behaviour	and	anxiety	are	associated	with	different	loci	(Gershenfeld	et	al.	1997;	
Clément	et	al.	2002),	and	are	subject	to	independent	evolution	unless	they	form	a	
behavioural	syndrome	(Bell	et	al.	2013).	Although	I	found	evidence	of	syndromes	
when	I	described	the	personality	and	behavioural	syndromes	(Chapter	2),	the	
syndromes	appeared	to	become	decoupled	when	I	manipulated	the	rearing	
environment,	because	significant	taxon	differences	in	exploratory	behaviour	were	
not	mirrored	by	taxon	differences	in	anxiety	when	I	manipulated	both	the	physical	
and	social	early	rearing	environment.	This	suggests	that	Rhabdomys	is	able	to	show	
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more	plasticity	than	would	be	expected	if	individuals	showed	an	exploration-anxiety	
syndrome	(Sih	et	al.	2004;	Bell	&	Sih	2007).	
Phenotypes	that	are	influenced	by	genotype-environment	interactions	are	
considered	to	be	more	flexible	than	phenotypes	that	are	mostly	influenced	by	the	
genotype	alone	(Plomin	et	al.	1980;	Schlichting	&	Pigliucci	1998).	This	is	because	
when	the	environment	modulates	phenotypes,	the	organism	is	able	to	respond	
flexibly	to	the	prevailing	environmental	conditions	(West-Eberhard	1989).	R.	pumilio	
is	known	to	be	phenotypically	flexible	(Schradin	et	al.	2012).	For	example,	male	
R.	pumilio	have	alternate	breeding	tactics	(philopatric,	roaming	or	breeding),	
depending	on	the	distribution	of	females	(Schradin	&	Lindholm	2011).	Females	
choose	to	nest	solitarily	when	population	density	is	low,	and	communally	when	
density	is	high	(Schoepf	et	al.	2015).	The	gene-environment	interaction	that	Rymer	
and	Pillay	(2012)	found	in	both	R.	pumilio	and	R.	d.	chakae	suggests	that	phenotypic	
flexibility	may	be	widespread	in	the	genus.	However,	the	lack	of	phenotypic	
modulation	when	I	altered	both	the	social	and	physical	environments,	suggests	the	
opposite.		
Another	issue	to	explore	is	the	overall	similarity	between	the	taxa	in	both	of	
the	manipulative	studies.	Environmental	interactions	with	a	genotype	may	either	
increase	(intensify)	or	decrease	(modulate)	the	levels	of	a	phenotype	(Plomin	et	al.	
1980).	In	Chapter	2,	R.	pumilio	and	R.	d.	dilectus	(sympatric	with	R.	bechuanae)	were	
bold,	and	displayed	high	levels	of	exploratory	behaviour	and	low	anxiety	responses,	
while	R.	bechuanae	(sympatric	with	R.	d.	dilectus)	was	significantly	less	bold,	
displayed	low	levels	of	exploratory	behaviour	and	a	high	anxiety	response.	In	
contrast,	when	the	early	social	and	physical	environments	were	manipulated	
(Chapters	3	and	4),	the	differences	between	the	taxa	were	reduced	(such	that	the	
taxa	only	had	minor	differences	between	them).	Gene-environment	interactions	
may	have	the	effect	of	reducing	differences	between	taxa	when	the	selection	
pressure	acting	on	the	populations	is	removed	or	altered	(Schlichting	&	Pigliucci	
1998).	Although	this	is	a	possibility,	neither	of	the	manipulative	experiments	
included	an	un-manipulated	control,	so	this	remains	to	be	tested	in	future.	
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The	overall	similarities	of	the	taxa	make	it	difficult	to	assess	the	results	of	
manipulating	the	environment.	The	lack	of	response	to	cross-fostering	could	also	be	
due	to	taxon	similarities	in	the	social	rearing	environments,	and	the	lack	of	response	
to	altering	cover	in	the	housing	conditions	could	suggest	that	cover	does	not	
significantly	influence	the	developmental	neural	pathways	to	modify	the	exploratory	
behaviour	or	anxiety	of	striped	mice.	Another	possibility	is	that	the	response	to	
altering	the	early	social	environment	(R.	pumilio	and	R.	bechuanae)	and	physical	
housing	condition	(R.	pumilio,	R.	bechuanae	and	R.	d.	dilectus)	is	phylogenetically	
constrained	in	the	genus.	
The	influence	of	phylogeny	
Rhabdomys	is	thought	to	have	arisen	in	the	central	parts	of	South	Africa,	with	
R.	bechuanae	and	then	the	rest	of	the	Rhabdomys	taxa	diverging	from	a	common	
ancestor	approximately	4.3	MYA	(Figure	1.1B;	du	Toit	et	al.	2012a).	R.	pumilio	and	R.	
dilectus	then	diverged	from	a	common	ancestor	approximately	3.09	MYA	(du	Toit	et	
al.	2012a),	probably	following	a	radiation	from	the	semi-arid	west	into	the	central	
and	eastern	grasslands	(Ganem	et	al.	2012).	Since	R.	bechuanae	is	basal	in	the	clade	
(Figure	1.1B),	if	all	taxa	behave	similarly	to	R.	bechuanae,	they	may	be	showing	a	
phylogenetically	conserved	response,	which	appeared	to	be	the	case	in	the	cover	
experiment.	Other	studies	on	derived	Rhabdomys	taxa	have	shown	similar	patterns.	
Paternal	care	behaviour,	which	is	expressed	both	in	nature	and	in	the	laboratory	in	
R.	pumilio,	but	only	in	the	laboratory	in	R.	dilectus	(Schradin	&	Pillay	2003),	suggests	
that	paternal	care	is	plesiomorphic	in	R.	dilectus	and	that	a	common	ancestor	of	R.	
pumilio	and	R.	dilectus	arose	in	the	semi-arid	western	parts	of	southern	Africa	where	
paternal	care	is	adaptive	(Rymer	et	al.	2013).		
Ganem	et	al.	(2012)	suggested	that	Rhabdomys	may	have	undergone	
multiple	radiations,	with	speciation	following	adaptive	radiations	into	different	
habitats.	From	previous	studies,	R.	pumilio	has	different	social	ecology	and	
behaviour	to	both	subspecies	of	R.	dilectus	(Schradin	&	Pillay	2005;	Pillay	et	al.	2006;	
Rymer	et	al.	2008;	Rymer	&	Pillay	2012;	Mackay	et	al.	2014),	supporting	the	adaptive	
radiation	theory	in	derived	Rhabdomys	taxa	(i.e.	R.	pumilio	and	R.	dilectus).	In	order	
to	demonstrate	that	adaptive	radiation	in	Rhabdomys,	with	R.	bechuanae	as	the	
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common	ancestor	of	R.	pumilio	and	R.	dilectus,	the	behaviour	of	R.	dilectus	should	
match	other	typical	grassland	species,	and	be	similar	to	R.	bechuanae,	as	R.	dilectus	
re-colonised	the	grasslands	secondarily	(du	Toit	et	al.	2012a).	In	my	studies,	
R.	bechuanae	had	similar	behaviour	to	allopatric	R.	d.	dilectus	and	similar	behaviour	
to	other	R.	d.	dilectus	populations	studied	previously	(Mackay	2011;	Mackay	et	al.	
2014).	In	contrast,	the	similarity	in	spatial	cognition	of	R.	pumilio	and	R.	d.	dilectus	to	
R.	bechuanae	suggests	that	spatial	cognition	may	be	phylogenetically	constrained.	
Nonetheless,	there	is	also	the	possibility	that	there	are	similar	selection	pressures	
acting	on	spatial	cognition	in	the	different	environments.	
Sympatric	and	allopatric	populations	
Although	phylogenetic	conservatism	is	a	plausible	explanation	for	the	
similarities	between	taxa	in	spatial	cognition	and	genetic	constraint	is	a	good	
explanation	for	the	lack	of	gene-environment	interactions,	significant	taxon	
differences	in	behaviour	in	sympatry	and	allopatry	need	further	discussion.	In	
Chapter	2,	allopatric	R.	d.	dilectus	were	less	bold	(shy),	and	their	behaviour	agreed	
with	previous	studies	(Mackay	et	al.	2014).	In	contrast,	R.	d.	dilectus	(sympatric	with	
R.	bechuanae)	were	bold,	similar	to	R.	pumilio,	while	R.	bechuanae	behaved	similarly	
to	allopatric	R.	d.	dilectus.	These	results	taken	in	isolation	appear	to	suggest	
character	displacement	(Brown	&	Wilson	1956)	in	the	sympatric	R.	d.	dilectus.	In	
addition,	allopatric	R.	bechuanae	also	had	similar	personality	(Chapter	4)	to	R.	
pumilio	and	different	personality	to	sympatric	R.	bechuanae	(Chapter	2),	suggesting	
that	the	behaviour	of	R.	bechuanae	could	also	reflect	character	displacement.	In	
support,	Dufour	(2014)	found	that	there	was	competition	between	R.	bechuanae	
and	R.	d.	dilectus	in	sympatry,	leading	to	larger	home	ranges	of	R.	bechuanae	in	
sympatry	compared	to	allopatric	populations	(Dufour	et	al.	2015).		
Conclusions	and	future	directions	
The	genus	Rhabdomys	is	widespread,	occurring	throughout	southern	Africa.	
Recent	genetic	analyses	have	revealed	the	existence	of	several	Rhabdomys	species	
occupying	different	biomes	across	southern	Africa,	arising	from	an	ancestor	in	
central	South	Africa	(du	Toit	et	al.	2012a).	In	addition,	recent	surveys	found	the	
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sympatric	occurrence	of	at	least	two	Rhabdomys	(ancestral	R.	bechuanae	and	
derived	R.	d.	dilectus)	in	the	central	Free	State	grasslands	(du	Toit	et	al.	2012a;	
Ganem	et	al.	2012).	I	postulated	that	speciation	in	the	genus	is	related	to	adaptive	
variation	in	contrasting	environments,	which	is	also	suggested	by	theoretical	models	
(Rymer	et	al.	2013).	
The	overall	objective	of	my	study	was	to	investigate	adaptive	variation	and	
the	mechanisms	associated	with	behavioural	and	cognitive	variation	in	the	semi-arid	
R.	pumilio,	sympatric	R.	bechuanae	and	R.	d.	dilectus,	and	allopatric	populations	of	
R.	d.	dilectus	and	R.	bechuanae.	My	study	is	one	of	few	that	investigate	variation,	
linked	to	adaptation,	in	personality	and	spatial	cognition	in	different	but	closely	
related	taxa.	In	addition,	few	other	studies	have	considered	taxa	across	such	a	wide	
environmental	range	(i.e.	rainfall).	My	study	is	also	unique	in	that	few	others	modify	
the	developmental	environment	to	investigate	whether	inter-specific	variation	is	
fixed,	or	if	it	can	be	modified	by	altering	the	environment.	Furthermore,	there	are	no	
other	studies	that	investigate	the	influence	of	cover	on	personality	traits,	by	altering	
cover	levels	without	changing	environmental	complexity.	I	found	some	support	for	
adaptive	variation	in	personality,	and	additional	influences	possibly	indicating	
character	displacement	in	sympatry.	Yet,	geographic	variation	did	not	influence	
spatial	cognition	in	the	taxa,	indicating	that	spatial	cognition	and	personality	might	
be	not	be	functionally	related	in	Rhabdomys.	Changes	in	the	social	and	physical	
environments	failed	to	influence	exploration	and	anxiety,	contrasting	with	previous	
studies	in	Rhabdomys,	and	indicating	a	genetic	influence	on	these	behaviours,	
suggesting	phylogenetic	constraint	and/or	similar	selection	pressures.	
I	adopted	a	common	approach	to	previous	studies	on	personality	in	
Rhabdomys	(Rymer	&	Pillay	2012;	Mackay	et	al.	2014;	Yuen	et	al.	2015;	Joshi	&	Pillay	
2016a;	Joshi	&	Pillay	2016b;	Yuen	et	al.	2016).	The	topic	of	personality	is	constantly	
evolving,	and	multiple	approaches	to	test	personality	traits	and	behavioural	
syndromes	have	been	proposed.	For	example,	there	is	concern	that	tests	for	a	
certain	trait	may	be	measuring	a	different	trait	(Carter	et	al.	2012;	Carter	et	al.	
2013),	and	many	studies	assessing	behavioural	syndromes	typically	assess	
correlations	between	one	or	two	measures	of	behaviour	(see	Chapter	2).	Therefore,	
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future	studies	should	consider	other	tests	of	personality	in	Rhabdomys,	in	order	to	
confirm	the	correct	usage	of	tests	for	personality	traits.	Secondly,	multiple	
populations	from	different	taxa	should	be	studied,	in	order	to	establish	whether	
differences	are	population-specific,	whether	any	differences	are	a	result	of	genetic	
drift,	and	whether	character	displacement	affects	behaviour	in	sympatric	
populations.	Thirdly,	future	studies	should	consider	the	same	taxa/populations	for	
both	descriptive	and	manipulative	studies,	as	this	would	confirm	the	mechanisms	of	
adaptive	variation.	Lastly,	since	R.	bechuanae	appears	to	respond	to	different	
contexts	and	treatments	inconsistently,	there	is	a	need	for	in-depth	studies	on	this	
taxon	in	both	laboratory	contexts	and	in	nature.		
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